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ISOQUINOLONE INHIBITORS OF FACTOR Xa 
Field of the Inveation 

The invention relates to novel isoquinolone-containing compounds including 
their pharmaceuticaliy acceptable isomers, salte, hydraies^ solvates and prodrug 
5 derivatives, and pharmaceuticaliy acceptable compositions Ihereof which are potent 
and highly selective inhibitors of isolated factor Xa or when assembled in the 
protibrombinase complex* These compounds show selectivity for factor Xa versus 
other proteases of the coagulation (e,g, thrombin, fVBa, f[Xa) or the fibrinolytic 
cascades (e.g. plasminogen activators, piasmin). In another aspect, the present 

1 0 invention relates to novel isoquinolone-containing compounds including their 

pharmaceuticaliy acceptable isomers, salts, hydrates^ solvates and prodrug derivatives, 
and pharmaceuticaliy acceptable compositions thereof whioli are useM as potent and 
specific inhibitors of blood coagulation in mammals. In yet another aspect, the 
invention relates to methods for usfaig these inhibitors as diagnostic or therapeutic 

15 agents for di^se states in mammals characterized by undesired thrombosis or 
coagulation disorders. 

Back^ound of the Invention 

Hemostasis, the control of bleeding, occurs by surgical means, or by the 

20 physiological properties of vasoconstriction and coagulation. The invention is 
particularly concerned with blood coagulation and ways in which it assists in 
maintaining tJie integrity of mammalian circulation after injury, inflammation, ^ 
disease, congenital defect, dysfunction or other disruption. Under normal hemostatic 
circumstances, tibe body maintains an acute balance of clot formation and clot 

25 removal (fibrinolysis). The blood coagulation cascade involves the conversion of a 
variety of inactive enzymes (zymogens) into active enzymes which ultimately convert 
the soluble plasma protein fibrinogen into an insoluble matrix of highly cross-linked 
fibrin, Davie, E.J. et at, "The Coagulation Cascade: Initiation, Maintenance and 
Regulation*', Biochemistry, 30, 10363-10370 (1991). These plasma glycoprotein 

30 zymogens include Factor XII, Factor XI, Factor IX, Factor X, Factor VII, and 

prothrombin. Blood coagulation follows either the intrinsic pathway, where all of the 
protein components are present in blood, or the extrinsic pathway, where the cell- 
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membrane protein tissue fector plays a critical role* Clot formation occmrs when 
fibrinogen is cleaved by thrombin to form fibrin* Blood clots are composed of 
activated platelets and fibrin. 

Blood platelets which adhere to damaged blood vessels are activated and 

5 incoiporated into the clot and thus play a major role in the initial formation and 
stabilization of hemostatic "plugs". In certain diseases of the cardiovascular system, 
deviations fix>m normal hemostasis push the balance of clot formation and clot 
dissolution towards life-threatening thrombus formation when thrombi occlude blood 
flow in coronary vessels (myocardial infarctions) or limb and pulmonary veins 

1 0 (venous thrombosis). Although platelets and blood coagulation are both involved in 
thrombus formation^ certain components of the coagulation cascade are primarily 
responsible for the an^Iification or acceleration of the processes involved in platelet 
aggregation and fibrin deposition. 

Thrombin is a key enzyme in the coagulation cascade as well as in hemostasis. 

1 5 Thrombin plays a central role in thrombosis through its ability to catalyze the 

conversion of fibrinogen into fibrin and through its potent platelet activation activity. 
Under normal circumstances, thrombin can also play an anticoagulant role in 
hemostasis through its ability to convert protein C into activated protein C (aPC) m a 
thrombomodulin-dependent nfiann^. However, in atherosclerotic arteries these 

20 thrombin activities can initiate the formation of a thrombus, which is a major fector in 
pathogenesis of vasoocclusive conditions such as myocardial infarction, unstable 
angina, nonheraorrhagic stroke and reocclusion of coronary arteries after angioplasty 
or thrombolytic thempy. Thrombin is also a potent inducer of smooth imi^cle cell 
proliferation and may therefore be involved in a variety of proliferative responses 

25 such as restenosis after angioplasty and graft induced atherosclerosis. In addition, 
thrombin is chemotactic for leukocytes and may therefore play a role in inflammation. 
Hoover, R-J., et al. Cell , 14. 423 (1978); Etingin, 0,R„ et al, Cell, 61, 657 (1990). 
These observations indicate that inhibition of thrombin formation or inhibition of 
thrombin itself may be effective in preventing or treating thrombosis, limiting 

30 restenosis and controlling inflammation* 

Direct or indirect inhibition of thrombiu activity has been the focus of a 
variety of recent anticoagulant strategies as reviewed by Claeson, G,, "Synthetic 
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Peptides and Peptidomimetics as Substrates and Inhibitors of Thrombin and Oflier 
Proteases in the Blood Coagulation System", Blood Coag. FibrinoL 5, 41 1-436 
(1994). Several classes of anticoagulants currently used in the clinic directly or 
indirectly affect thrombin (i.e. fieparinSj^ low-molecular weight heparins^ heparin-like 

5 compounds and coumarins). 

The formation of thrombin is the result of the proteolytic cleavage of its 
precursor prothrombm at the Arg-Thr linkage at positions 271-272 and the Arg-Ile 
linkage at positions 320-32L This activation is catalyzed by the prothrombinase 
complex, which is assembled on the membrane surfaces of platelets, monocytes, and 

10 endothelial cells. The complex consists of Factor Xa (a serine protege). Factor Va (a 
cofactorX calcium ions and the acidic phospholipid surface. Factor Xa is the activated 
form of its precursor. Factor X, which is secreted by the liver as a 58 kd precursor and 
is converted to the active form. Factor Xa, in both the extrinsic and intrinsic blood 
coagulation pathways. Factor X is a member of the calcium ion binding, gamma 

1 5 carboxyglutamyi (GIa)-contaimng, vitamin K dependent, blood coagulation 

glycoprotein femily, which also includes Factors VII and IX, prothrombin, protein C 
and protem S (Furie, B., et aL, CeU, ^ 505 (1988)), The activity of Factor Xa in 
effecting the conversion of prothrombin to thrombin is dependent on its inclusion in 
the prothrombinase complex. 

20 The profhrombmase complex converts the zymogen prothrombin into the 

active procoagulant thrombin* It is therefore understocd that Factor Xa catalyzes the 
next-to-last step in the blood coagulation cascade, namely the formation of the serine 
protease thrombin. In turn, thrombin then acts to cleave soluble fibrinogen in the 
plasma to form insoluble fibrin* 

25 The location of the prothrombinase complex at the convergence of the 

intrinsic and extrinsic coagulation pathways, and the resulting significant 
amplification of thrombin generation (several hundred-thousand fold faster in 
effecting the conversion of prothrombin to thrombin than Factor Xa in soluble form) 
mediated by the complex at a limited number of targeted catalytic units present at 

30 vascular lesion sites, suggests that iiahibition of thrombin generation is a desirable 
method to block uncontrolled procoagulant activity. It has been suggested that 
compounds which selectively inhibit factor Xa may be useftti as in vitro diagnostic 
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agents, or for therapeutic adtninistraiion in certain thrombotic disorders, see e.g.^ WO 
94/13693. Unlike thrombin, vAich ads on a variety of protein substrates &s weU as at 
a specific receptor, factor Xa appears to have a single physiologic substrate, namely 
prothrombin. 

5 Plasma contains an endogenous inhibitor of both the factor VHa-tissue fector 

(TP) complex and fector Xa called tissue factor patihway inhibitor (TFPI). TFPI is a 
Kunitz-type protease inhibitOT witti three tandem Knnitz domains* TFPI inhibits the 
TF/fVTIa complex in a two-step mechanism which includes the initial interaction of 
the second Kunits domain of TFPI with the active site of factor Xa, thereby inhibiting 

1 0 the proteolytic activity of factor Xa. The second step involves flie inhibition of the 
TF/fVna complex by formation of a quaternary conq>lex TF/fVna/rFPI/fXa ^ 
described by Giraxd, T J* et a/., "Functional Significance of the Kunitz-type Inhibitory 
Domains of Lipoprotein-associated Coagulation Inhibitor**, Nature, 2M» 518-520 
(1989), 

1 5 Polypeptides derived from hematophagous organisms have been reported 

which are highly potent and specific inhibitors of factor Xa. United States Patent 
4,588,587 describes anticoagulant EUJtivity in ttie saliva of the Mexican leech, 
Haementeria officinalis. A principal component of this saliva was shown to be the 
polypeptide factor Xa inhibitor, antistasin (ATS), by Nutt, E. et al, "The Amino Acid 

20 Sequence of Antistasin, a Potent Inhibitor of Factor Xa Reveals a Repeated Internal 
Structure'', J. BioL Chem., 2g3, 10162-10167 (1988). 

Another potent and highly specific inhibitor of Factor Xa, called tick 
anticoagulant peptide (TAP), h^ been isolated from the whole body extract of the soft 
tick Omithidoros moubata, as reported by Waxman, L,, et al, *'Tick Anticoagulant 

25 Peptide (TAP) is a Novel Inhibitor of Blood Coagulation Factor Xa" Science, 248, 
593-596 (1990). 

Other polypeptide type inhibitors of factor Xa have been reported including 
the following: Condra, C. etal, "Isolation and Structural Characterization of a Potent 
Inhibitor of Coagulation Factor Xa from the Leech Haementeria ghilianii, Thromb. 
30 Haemost., 61, 437-441 (1989); Blankenship, D.T. et al, "Amino Acid Sequence of 
. Ghilaaten; Anti-co^\ilant-antimetastatic Principle of the South American Leech, 
Haementeria ghilianir, Biochem. Biophys, Res. Commun. 166» 1384-1389 (1990); 
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Braaikamp, et aL, "Ghilantens: Anticoagulants, Antiinetastatic Proteins from the 
South American Leech Haemmieria ghUimif\ h Lab. Clin. Med., 115, 89-97 (mO); 
Jacobs, J.W. et aL, "Isolation and Characterization of a Coagulation Factor Xa 
Inhibitor from Black Fly Salivary Glantte", Thromb, Haemost., §4^ 235-238 (1990); 

5 Rigbi, M. et aL, "Boviae Factor Xa Inhibiting Factor and Pharmaceutical 

Compositions Containing the Same", European Patent Application, 352,903; Cox, 
A.C., "Coagulation Factor X Inhibitor From the Hundred-pace Snake 
Deinagkistrodon acutm, venom", Toxicon, 31, 1445-1457 (1993); Cappello, M. et al,, 
** Ancylostoma Factor Xa Inhibitor; Partial Purification and its Identification as a 

1 0 Major Hookworm-derived Anticoagulant In Vitro'*, J. Infect. Dis„ ISL 1474-1477 
(1993); Seymour, J.L. et aL, "Ecotin is a Potent Anticoagulant and Reversible Tight- 
binding Inhibitor of Factor Xa", Biochemistry 33, 3949-3958 (1994). 

Factor Xa inhibitory compounds which are not large polypeptide-type 
inhibitors have also been reported including: Tidwell, R.R. et aL, "Strategies for 

1 5 Anticoagulation With Synthetic Protease Inhibitors. Xa Inhibitors Versus Thrombin 
Inhibitors", Thromb. Res., 19, 339-349 (1980); Turner, A.D, etaL, "p-Amidmo Esters 
as Irreversible Inhibitors of Factor IXa and Xa and Thrombin", Biochemistry, 25, 
4929-4935 (1986); Hitomi, Y. etal., 'Inhibitory Effect of New Synthetic Protease. 
Inhibitor (FUT-175) on the Coagulation System", Haemostasia, 15, 164-168 (1985); 

20 Sturzebecher, J. et aL^ "Synthetic Inhibitors of Bovine Factor Xa and Thrombin* 
Comparison of Their Anticoagulant Efficiency", Thromb. Res., 54> 245-252 (1989); 
Kam, CM. et aL^ 'Mechanism Based Isocoumarin Inhibitors for Trypsin and Blood 
Coagulation Serine Proteases: New Anticoagulants", Biochemistry, 27, 2547-2557 
(1988); Hauptmann, J. et al, "Comparison of the Anticoagulant and Antithrombotic 

25 Effects of Synthetic Thrombin and Factor Xa Inhibitors", Thromb, Haemost., 63, 220- 
223 (1990); Miyadera, A. et al, Japanese Patent Application JP 6327488; Nagahara, 
T. et ah^ "Dibasic (Amidinoaryl)propanoic Acid Derivatives as Novel Blood 
Coagulation Factor Xa hihibitors", J. Med. Chem., 37, 1200^1207 (1994); Vlasuk, 
G.P. et at, "Inhibitors of Thrombosis^ WO 93/15756; and Brundc, T.K. et al, 

30 "Novel Inhibitors ofFactorXa*', WO 94/13693. 

A number of inhibitors of trypsin-like enzymes (such as trypsin, enterokinase, 
thrombin, kallikrem, plasmin, urokinase, plasminogen activators and the like) have 
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been the subject of disclosures* For example, Austen et a/.> United States Patent 
4,593,018 describes oligopeptide aldebydes which are specific inhibitors of 
enteroldnase; Abe et aLy United States Patent 5,153,176 describe tripeptide 
aldehydes which have inhibitory activity against mnltiple serine proteases such as 
5 plasmin, thrombin^ trypsin, kaBikrein, factor Xa> nrokinase, etc; Brunck et aL^ 
European Publication WO 93/14779 describes substituted tripeptide aldehydes that 
are specific inhibitors of trypsin; United States Patents 4»31 6,889, United States 
Patent 4»399,065, United States Patent 4,478,745 all disclose arginine aldehyde 
inhibitors of thrombin; Balasubramanian et al,^ United States Patent 5^380^713 

1 0 describes di and tripeptide aldehydes which are moM for anti-trypsin and anti- 
thrombin activity; Webb et aL, United States Patent 5,371,072 describes tripeptide 
alpha-keto-amide derivatives as inihibitors of thrombosis and thrombin; Oesellchen et 
ah, European Patent Publications 0479489 A2 and 0643073 A, describe tripeptide 
thrombin inhibitors; Veber et aL^ European Publication WO 94/25051 describes 4- 

1 5 cyclohexylamine derivatives which selectively inhibit thrombin over other trypsin- 
like enzymes; Tapparelli et aL, J. BioL Chem. MS» 4734-4741 (1993) describe 
selective peptide boronic acid derivatives as inhibitors of thrombin. 

Alternatively, agents which inhibit the vitamin K-dependent carboxylase 
enzyme, such as coumarin, have been used to treat coagulation disorders* 

20 There exists a need for effective therapeutic agents for the regulation of 

hemostasis, and for the prevention and treatment of thrombus formation and other 
pathological processes in the vasculature induced by thrombin such as restenosis and 
inflammation. 

25 Summary of the Invention 

The present invention provides novel isoquinolone-containing compounds 
including their pharmaceutically acceptable isomers, salts, hydrates, solvates and 
prodrag derivatives. The compounds of the invention have particular biological 
properties and are useftil as potent and specific inhibitors of blood coagulation in 

30 mammals* The invention also provides compositions containing such compounds and 
a pharmaceutically acceptable carrier. The compoxmds of the invention may be used 
as diagnostic reagents or as therapeutic agents for disease states in miammals suffering 
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j&om coagulation disorders* Thus, the mvention fiirfher provides a method for 
preventing or treating a condition in a mammal characterized by undesired thrombosis 
by administration of a therapextticaliy effective amount of a compoamd of the 
invention. Optionally, flie methods of the invention comprise administering a 
5 pharmaceutical composition of the invention in combination with an additional 
therapeutic agent such as an antithrombotic and/or a thrombolytic agent and/or an 
anticoagulant According to the invention, conditions characterized by und^ired 
thrombc^is include, for exan^le, any thrombotically mediated acute coronary or 
cerebrovascular syndrome, any thrombotic syndrome occurring in the venous system^ 
10 any coagulopathy, and any thrombotic complications associated with ^tracorporeal 
circulation or instrumentation. Tlxe compoxmds of the invention are also eflFective 
against the coagulation of biological samples (e.g* stored blood products and 
samples)* Thus, a method of inhibiting the coagulation of a biological sample is also 
provided. 

1 5 The invention provides a compound of general formula I: 




wherein: 



A is a member selected from the group consisting of: R^, -NR^R*, 




R' 




and 




NR' 



,6 



^5 
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where R^ R^, R^ R^, R^ R^ and R^ are independently selected firom the group 
consisting of -OH, Ci.8alkyl, C2-8aIkenyl, C2-8alkynyl, Ca-scycloalkyl, 
C6,i2carbocycHc aryl, a five to ten membered heterocyclic ring system containing 1-4 
heteroatoms selected from the group consisting of O and S, and 
5 Ci^alkylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
of snch atoms being selected from the groiq) consisting of N, O and S; where taken 
with either of R^ and R®, and/or R^ taken with R^ can each form a 5 to 6 membered 
heterocyclic ring containing from 1 to 4 atoms selected from Ihe group consisting of 
N, O and S; 

10 m is an integer from 0-3, preferably 0-2, most preferably 0; 

Z is a member selected from the group consisting of a direct link, Ci-salkyl, 
Ca-gcycloalkyl, Ca^salkenyl, C2.8alkynyl, Ci-scarbocyclic aryl, or a five to ten 
membered heterocyclic ring system containing 1-4 heteroatoms selected from the 
group consisting of N, O and S; 
15 n is an integer from 0-3, preferably 0-2, most preferably 0; 

D is a member selected Scom the group consisting of a direct Unk, -0-, -NR^-, 
.C(-0>, -SO2-, -SCVNR^"» -KR^-SOr, -0C(=O)-, -CC^O)©-, .C(=0)-NR^- and 
^NR^-C(-0)-; 

R' is a member selected from the group consisting of H, Ci^alkyl, C2-salkenyl, 
20 C2-8alkynyl, Ca^scycloalfcyl, halogen, polyhaloalkyl, Co-8alfcyl-C(=0)OH, 

CVsalkyl"C(=O)0-Ci.8alkyl, -CN, -NO2, Co-salkyl-OH, Co-galkyl-SH, -O-R^ and 
-OC(=0)R^, an unsubstituted amino group, a mono- or di-substituted amino group* 
wherein the substituted amino groi:q>s are iadep^dentiy substituted by at least one 
member selected from the group consistmg of H, Ci^saUcyl, C2.saBcfinyl, C2^alkynyl, 
25 Cs-scycloalkyl, polyhaloalkyl, Cb-8alkyl-C(^0)0H and Co-salkyl-C(-0)0^i^Ikyl; 
q is an integer from D-3, preferably 0-2; 
Xis-NR*^-or-CHR^^S 

R^^ and R^^ are independently a member selected from the group consisting of 
H, Ci^alkyl, C2^8alfcenyl, C2»salkynyl, Ca^scyclmlkyl, Ce^noarbocyclic atyl, 
30 Ci-ealkylaryl, Ci^alkyl-CMcycloalkyl, -0-R^ -0-C(=0)R^ ^Ci^alkyl-O^R^^ 
-Cusalkyl"0"CeO)R^^ -C^salky^O^C(-0)OR^^ -C^salky^C(=0)NR'^R'^ 
•-Ct-galkyl-NR^^R^^ -Ci^alkyHs[R*^C(-^0)R^^ -SR^^ wherein R^^ is a member 
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selected from the group consisting of H, Ci^salkyl, C^aSk&ayl^ C2^^s3kynyl, and 
wherein when two R'*^ gi^4>^ps are present they may be taken together to form a 
saturated or unsaturated ring with the atom to which they are both attached, preferably 
a partially or fully saturated ring; 

5 p is an integer from 0-3, preferably 0-2, most preferably 0; 

B is a member selected from the group consisting of a direct link, -0-, -NR* ^ 
»(CH2)o.3<;(-0>NH<CH2)m-^, -CH(CQ2R'')(CH2)o.3-, -CH(C01SIR^^)(CH2)o.3", 
where R** is as described above, phenylene, a bivalent 5 to 12 member heteroaryl 
group containing 1 to 4 heteroatoms selected from the group consisting of N, O and S, 

1 0 and a five to ten membered non-aromatic bivalent heterocyclic ring system containing 
1-4 heteroatoms selected from the group consisting of N, O and S, wherein said 
heteroaryl and said non-aromatic heterocyclic ring structure may be independently 
substituted by from 0 to 5 R^"^ ^oups and each R*"^ group is mdependently defined the 
same as the substituents set forth above for the R^ groupj 

15 J is a member selected from the group consisting of a direct link, a bivalent 

Ca-scycloalkyl group, phenylene, naphthalene, a 5 to 12 member bivalent heteroaryl 
group containing 1 to 4 heteroatoms selected from the group consisting of N, O and S, 
and a five to ten membered non-aromatic bivalent heterocyclic ring system containing 
1-4 heteroatoms selected from the group consisting of N, O and S wherein said 

20 heteroaryl and said non-aromatic heterocyclic ring structure may be independently 
substituted by from 0 to 5 R^^ groups and each R^"^ group is indei^ndently defined the 
same as the substituents set forth above for the R^ group; 

G is a member selected from the group consisting of H, -CN, and -OR*^, 
wherein 
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I 



p21 



NR^r2« . 



R^ 



Nr23 NR^ NR""' 



,25 



r22 



t is an integer from 0 to 6; 
u is the integer 0 or 1; and 

R^^, R^^ R^^ R^, R^, R^^ R^ and R^ are independently selected 
5 from the group consisting of H, -OH, Ci-salkyl, C^alkenyl, Ca^alkynyl, 

Cs-scycloalkyl, Ce^izcarbocyclic aryl, a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the group consisting of N, O and S, and 
Ci^ealkylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
of such atoms being selected from the group consisting of N, O and S; where R^® 
10 taken with R^^ R^ taken with either of R^ and R^, and R^ taken with R^^, can each 
independently form a 5 to 6 membered heterocyclic ring containing from 1 to 4 atoms 
selected from the group consisting of N, O and S; 

with the proviso that when G is H, -CN, or -OR*^ either B or J must contain at 
least one N atom; 

1 5 and all pharmaccutically acceptable isomers, salts, hydrates, solvates and 

prodrug derivatives thereof. 



Detailed Description of the Invention 
Definitions 

20 In accordance with the pr^nt invention and as used herein, the following 
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terms are defined with the following meanings, unless explicitly stated otherwise. 

The term '^alkenyl" refers to a trivaleat straight chain or branched chain 
unsaturated aliphatic radical. The tenn "alldnyl" (or "alkynyl") refers to a straight or 
branched chain aliphatic radical that include at least two carbons joined by a triple 
5 bond Ifno number ofcarbons is specified alkenyl and alkinyl each refer to 
having ftom 2-12 carbon atoms. 

The term "aDcyl" refers to saturated aliphatic groups including straight-chain, 
branched-chain and cyclic groups having the number of carbon atoms specified, or if 
no number is specified, having up to 12 carbon atoms. The term "lower alkyl" refers 

1 0 to a CrCs unsubstituted alkyl group unless a substituent(s) is specified. The term 
"cycloalkyr* as used herein refers to a mono-, bi-, or tricyclic aliphatic ring having 3 
to 14 carbon atoms and preferably 3 to 7 carbon atoms. 

As used herein, the terms "carbocyclic ring structure " and C^^ie carbocyclic 
mono, bicyclic or tricyclic ring structure" or the like are each intended to mean stable 

1 5 ring structures having only carbon atoms as ring atoms wherein the ring structure is a 
substitated or unsubstituted member selected from the group consisting of: a stable 
monocyclic ring which is aromatic ring ("aryl") having six ring atoms; a stable 
monocyclic non-aromatic ring having from 3 to 7 ring atoms in the ring; a stable 
bicyclic ring structure having a total of from 7 to 12 ring atoms in the two rings 

20 wherein the bicyclic ring structure is selected from the group consisting of ring 
structures in which both of the rings are aromatic, ring structures in which one of the 
rings is aromatic and ring structures in which both of the rings are non-aromatic; and 
a stable tricyclic ring structare having a total of from 10 to 16 atoms in the three rings 
wherem the tricyclic ring structure is selected from the group consisting of: ring 

25 structures in which three of the rings are aromatic, ring structures in which two of the 
rings are aromatic and ring structures in which three of the rin^ bxc non-aromatic. In 
each case, the non-aromatic rings when present in the monocyclic, bicyclic or tricyclic 
ring structure may independently be saturated, partially saturated or fully saturated. 
Examples of such carbocyclic ring structures include, but are not limited to, 

3D cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, adamantyl, cyclooctyl, 
[33.0]bicyclooctane, [43.0]bicyclononane, [4.4-03bicyclodecane (decalin), 
2.2,2]bicyclooctane, ftuorenyl, phenyl, naphthyl, indanyl, adamantyl, or 
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tetrahydronaphthyl (tetralin)* Moreover, the ring structures described hereto may be 
attached to one or mc^e indicated pendant gjroixps via any carbon atom which results 
in a stable structure. The term "substituted" as used in conjunction with carbocyclic 
ring structures means that hydrogen atoms attached to the ring carbon atoms of ring 

5 structures described herein may be substituted by one or more of the substitaents 
indicated for that structure if such substitution{s) would result in a stable compound. 

The term "aryl" which is included with the term "carbocyclic ring structure" 
refers to an unsubstituted or substituted aromatic ringj substituted with one, two or 
tibree substituents selected &om loweralkoxy, loweralkyl, loweralkylamino, hydroxy, 

10 halogen, cyano, hydroxyl, mercapto, nitro, thioalkoxy, carboxaldehyde, carboxyl, 
carboalkoxy and carbdxamide, including but not limited to carbcK?yclic aryl, 
heteracyclic aryl, and biaiyl groups and the like, all of which may be optionally 
substituted Preferred aryl groups include phenyl, halophenyl, loweralkylphenyl, 
naphthyl, biplieayl, phenanthrenyl andnaphthacenyL 

1 5 The term "arylalkyr' which is included with the term "carbocyclic aryl" refers 

to one, two, or three aryl groitps having the number of carbon atoms designated, 
appended to an alkyl group having the number of carbon atoms designated. Suitable 
arylaUcyl groups include, but are not limited to, benzyl, picolyl, naphthylmethyl, 
phenethyl, baizylhydiyl, trityl, and the like, all of which may be optionally 

20 substituted. 

As used herein, the tenn "heterocyclic ring" or "heterocyclic ring system" is 
intended to mean a substituted or imsubstituted meniber selected from the group 
consisting of stable monocyclic ring having from 5-7 members in the ring itself and 
having from 1 to 4 hetero ring atoms selected from the group consisting of N, O and 

25 S; a stable bicyclic ring stnicture having a total of from 7 to 12 atoms in the two rings 
wherein at least one of the two rings has from 1 to 4 hetero atoms selected from N, O 
and S, including bicyclic ring structures wherein any of the described stable 
monocyclic heterocyclic rings is ftised to a hexane or benzene ring; and a stable 
tricyclic heterocyclic ring structure having a total of from 10 to 1 6 atoms in the three 

30 rings wherein at least one of the three rings has from 1 to 4 hetero atoms selected 
from the group consisting of N, O and S, Any nitrogen and sulftir atoms present in a 
heterocyclic ring of such a heterocyclic ring structure may be oxidized. Unless 
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indicated otherwise the terms "heterocyclic ring" or "heterocyclic ring system" 
include aromatic rings, as well as non-aromatic rings which can be saturated, partially 
saturated or Mly saturated non-aromatic rings. Also, unless indicated otherwise the 
term "heterocyclic ring system" includes ring structure wherein all of the rings 

5 contain at least one hetero atom as well as structures having less than all of the rings 
in the ring structure containing at les^t one hetero atom, for example bicyclic ring 
structures wherein one ring is a benzene ring and one of the rings has one or more 
hetero atoms are included within the term "heterocyclic ring systems" as well as 
bicyclic ring structures wherein each of the two rings has at least one hetero atom. 

1 0 Moreover, the ring stmctures described herein may be attached to one or more 

indicated pendant groups via any hetero atom or carbon atom which results in a stable 
structure. Further, the term "substituted" means that one or more of the hydrogen 
atoms on the ring carbon atom(s) or nitrogen atom(s) of the each of the rings in the 
ring structure d^ribed herein nmy be replaced by one or more of the indicated 

15 substituentsif such replacement(s) would result in a stable compound. Nitrogen 
atoms in a ring stoxcture may be quatemized, but such compounds are specifically 
indicated or are included witMn the term "a pharmaceutically acceptable salt" for a 
particular coni^ound* When the total number of O and S atoms in a single 
heterocyclic ring is greater than 1, it is preferred that such atoms not be adjacent to 

20 one another. Preferably, there are no more than 1 O or S ring atoms in the same ring 
of a given heterocyclic ring structure* 

Examples of monocyclic and bicyclic hetm>cyclic ring systems, in 
alphabetical order, are acridinyl, azocinyl, benzimidazolyl, benzofliranyl, 
benasothiofuranyl, benzothiophenyl, benzoxazolyl, benxthia2X>lyl, benztriazolyl, 

25 benztetrazolyl, benzisoxazolyl, benzisothiazolyl, benzimidazalinyl, carbaisolyl, 4aH" 
carbazolyl, carbolinyl, chromanyl, chromenyl, cinnolinyl, decahydroquinolinyl, 
2H,6H-l,5,2-dithiazinyl, dihydrofuro[2,3-b]tetrahydrofin:an, fiiranyl, furazanyl, 
imidazolidinyl, imidazolinyl, imidazolyl, IH-indazolyl, indoiinyl, indolizinyl, indolyl, 
SH-indolyl, isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl, isoindolyl, 

30 isoquinolinyl (benzimidazolyl), isothiazolyl, isoxazolyl, morpholinyl, naphthyridinyi, 
octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 
1,2,5-oxadiazolyl, 1,3,4-oxadiazolyi, oxazolidinyl, oxazolyl, oxazolidinyl. 
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pyrimidinyl, phenantbridmyl, pheaanthrolinyl, phenazinyl, phenothiazinyl, 
phenoxaihiinyl, phenoxazmyl, phthalaziiayl, piperazmyl, piperidinyl, pteridinyl, 
purinyl, pyranyl, pyraziiiyl, pyroazolidinyl, pyrasMjlinyl, pyrazolyl, pyridazinyl, 
pryidooxa5;ole, pyridoimidazole, pyridothiazole, pyridiayl, pyridyl, pyrrniidinyl, 

5 pyrrolidmyl, pym>linyl, 2H-pyrrolyl, py^ 

4H"quinoliziiLyl, quinoxalinyl, quinudidinyl, telxahydrofuranyl, 
tetrahydroisoqumolinyl, telrahydroquinolmyl, 6H-l:;2,5-thiadazinyU 
l,2,3-lMadia2;olyl, 1,2,4-lMadiazolyl, 1,2,5-thiadiazoiyl, 1,3,4-tliiadiazolyl, 
thianthrenyl, fhiazolyU thienyl, thienothiarolyl, thienooxazKJlyl, thienoimidazolyl, 

10 thiophenyl, triazinyl, l,23-tria2oIyl, i;2,4-triazolyI, 1^2,5-triazolyl, 1,3,4-triazolyl and 
xanthenyL Preferred heterocyclic ring structures include^ but are not limited to, 
pyridinyl, furanyl, tbienyl, pyrrolyl, pyrazolyl, pyrrolidinyU iinidazolyl, indolyl, 
benziniidazolyl, IH-indazolyl, oxazoHnyl, or isatinoyl Also included are fused ring 
and spiro compounds containing, for oxmxplo^ the above heterocyclic ring structures, 

15 As used herein the term "aromatic heterocyclic ring system** has essentidly the 

same definition as for the monocyclic and bicyclic ring systems except that at least 
one ring of the ring system is mi aromatic heterocyclic ring or the bicyclic ring has an 
aromatic or non-aromatic heterocyclic ring fused to an aromatic carbocyclic ring 
structure. 

20 The terms "halo" or "halogen" as used herein refer to CI, Br, F or I 

substituents. The tferm *Tialoalkyl", and the like, refer to an aliphatic carbon radicals 
having at least one hycfrogen atom replaced by a CI, Br, F or I atom, including 
mixtures of different halo atoms. Trihaloalkyl includes trifluoromethyl and the like as 
preferred radicals, for example. 

25 The term "methylene" refers to -CH2-. 

The term "phannaceutically acceptable salts" includes salts of compounds 
derived from the combination of a compound and an organic or inorganic acid. These 
coir$>oimds are useful in both ftee base and salt form. In practice, the use of (he salt 
form amounts to use of the base form; both acid and base addition salts are within the 

30 scope of the present invention^ 

"Phammceuticaliy acceptable acid addition salf * refers to salts retaining the 
biological effectiveness and properties of the ftee bases and which are not biologically 
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or otherwise undesirable, formed with inorganic acids such as hydrochloric acid* 
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and tihe like, and organic 
acids such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, 
maleic acid, malonic acid, succinic acid, ftimaric acid, tartaric acid, citric acid, 

5 benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic 
acid, p-toluenesulfonic acid, salicyclic acid and the like. 

**Phannaceutically acceptable base addition salts'* include those derived from 
inorganic bases such as sodium, potassium, lithium, ammonhmi, calcium, magnesium, 
iron, zinc, copper, manganese, aluminum salts and tiie like* Paiticularly preferred are 

10 the animoniuna^ potassium, sodium, caldum and magnesium sd^^ Salts derived from 
phaimaceutically acceptable organic nontoxic bases include salts of primary, 
secondary, and tertiary amines, substituted amines including naturally occurrmg 
substituted amines, cyclic amines and basic ion exchange resins, such as . 
isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine, 

15 ethanolamine, 2«diethylaminoefhanol, trimethamine, dicyclohexylaraine, lysine, 
arginine, histidine, caffeine, procaine, hydrabamine, choline, betaine, 
ethylenediamine, glucosamine, methylglucamine, theobromine, purines, piperizine, 
piperidine, N-ethylpiperidine, polyamine resins and the like. Particularly preferred 
organic nontoxic bases are isopropylamine, diethylamine, ethanolamine, 

20 terimethamine, dicyclohexylamine, choline, and caffeine. 

"Biological property^' for the purposes herein means an in vivo effector or 
antigenic function or activity that is directly or indirectly performed by a compound 
of the invention that are often shown by m vitro assays. Effector functions include 
receptor or ligand binding, any enzyme activity or enzyme modulatory activity, any 

25 carrier binding activity, any hormonal activity, any activity in promoting or inhibiting 
adhesion of cells to an extracellular matrix or cell surface molecules, or any structural 
role* Antigenic functions include possession of an epitope or antigenic site that is 
capable of reacting with antibodies raised against it 

In the compounds of the invention, carbon atoms bonded to four non4dentical 

30 substituents are asymmetric. Accordingly, the compounds may exist as 

diastereoisomers, enanliomers or mixtures thereof. The syntheses described herein 
may employ racemates, enantiomers or diastereomers as starting materials or 
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intermediates. Diastereomeric products resultitig fix>m such synthes^ may be 
separated by chromatographic or crystallization methocte» or by other methods known 
in the art* Likewise, enantiomeric product mixtures may be separated using the same 
techniques or by other methods known in the art. Each of the asymmetric carbon 
5 atoms, when present in the compounds of the invention^ may be in one of two 
configurations (R or S) and both are within the scope of the present invention* 



Preferred Embodiments 

The invention provides a compound of general formula I: 



10 



/V-(CH2WZ^{CH2)rrO 




(1) 



wherein: 

A is a member selected from the group consisting of: R^, -NR^R"^, 



NR ^ 

jT NR^ 

and ^.J^ 



R^ 
15 

where R^, R^, R^ R^, R^, R*, and R^ are independently selected from the group 
consisting of H, -OH, Ci-galkyi, C2.8alkenyl, C2-8alkynyl, Ca-gcycloalkyl, 
C6.i2carbocyclic aryl, a five to ten membered heterocyclic ring system containing 1*4 
heteroatoras selected from the group consisting of N, O and S, and 
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Ci-^alkylheterocycUc ring system having in the ring system 5 to 10 atoms with 1 to 4 
of such atoms being selected from the group consisting of N, O and S; wh^ taken 
with either of and R^ and/or taken with R^, can each form a 5 to 6 membered 
heterocyclic ring containing from 1 to 4 atoms selected &om the group consisting of 
5 N,OandS; 

m is an integer from 0-3, preferably 0-2; 

Z is a member selected from the group consisting of a direct link» Ci^gaUsyl* 
Cs-scycloalkyl, Ci-galkenyl, Cj^galkynyl, Ci-scarbocyclic ajyl, or a five to ten 
membered heterocyclic ring system containing 1-4 heteroatoms selected from the 
10 group consisting of O and S; 

n is an integer from 0-3, preferably 0-2; 

D is a member selected from the group consisting of a direct linkj 
-N(R^)-, -C(-0)", "S02"N(R^)^, -N(R=^)-S02^, -OC(-OK -C(=0)0-., 

.C(-0>N(R^)- and -N(R^"C(=0)s 
15 rMs a member selected from the group consisting of H, Cugslkyl, Cj-salkenyl, 

C2-8alkynyl, Cs^gcycloalkyl, halogen, polyhaloalkyl, Co.salkyl-C('==C))OH, 
Co.8aIkyl-C(-0)0*Ci^alfcyI, -CN, -NOz* Co-salkyl-OH, Co-galkyl-SH, -O.R=* and 
'-0-C(=0)R^s an unsubstituted amino group, a mono- or di-substituted amino group, 
wherein the substituted amino groups are independently substituted by at least one 
20 member selected from the group consisting of H, Ci-saDcylj C^alkenyl, Q-galkynyl, 
Ca^scycloalkyl, polyhaloalkyl, Co^alkyl-C(=0)OH and Co^alkyl*C(M3)0-Ci.8alkyl; 
q is an integer from 0-3, preferably 0-2; 
Xis-NR^^-or-CHR^^S 

R^^ and R^^ are independently a mender selected from the group consisting of 
25 H, Ci^aUcyl, Ca-galkenyl, C2^alkynyl, Cs-scycloalkyl, Q^iacarbocyclic aryl, 
Ci^alkylaryl, Ci^alkyl-Cs-scycloalkyl, -0-R^ -0-C(-0)R^ -Ci^alkyl-O^R^^ 
-Ci.gaIkyK>-C(-0)R^^ -Cl.8aUcy^0-C(-0)0R^^ -Ci^alkyl-C(=0)NR^*^R^^ 
-Ci.8alkyl-NR*^R^^ -Ci-8arkyl-m^*^C(0)R^^ -SR^^ wherein R^^ is a member 
selected from the group consisting of H, Ci-galkyl, Ca^galkenyl, C2-8alkynyl, and 
30 wherein when two R*^ groups are present they may be taken together to form a 

saturated or unsaturated ring with the atom to which they are both attached, preferably 
a partially or ftilly saturated ring; 
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p is an integer from 0-3, preferably 0-2; 

E is a member selected from the group consisting of a direct link, -O-, 
-N(-R")-., -(CH2)o-3-C(=0>t«I-(CH2)o,3-, ^(COaR^XCH^W, - 
CH(CONR"XCH2)o-3-* where R^^ is as described above, phenylene, a bivalent 5 to 12 

5 membered heteroaryl groxtp containing 1 to 4 heteroatoms selected fix>m the group 
consisting of N, O and S, and a five to ten membered non-aromatic bivalent 
heterocyclic ring systan containing 1-4 heteroatoms selected from the group 
consisting of N, O and S, wberein said heteroaryl and said non-aromatic heterocyclic 
ring structure may be independently substituted by from 0 to 5 R*^ groups and each 

1 0 R^* group is independently defined the same as the substituents set forfli above for the 
R' group; 

J is a member selected ttom ttie group consisting of a direct link, a bivalent 
Ca-scycloaDcyl group, phenylene, naphthalene, a S to 12 membered bivalent heteroaryl 
group contaming 1 to 4 heteroatoms selected from the group consisting of N, O and S, 

1 5 and a five to ten membered non-aromatic bivalent heterocyclic ring system containing 
1-4 heteroatoms selected from the group consisting of N, O and S wherein said 
heteroaryl and said non-aromatic heterocyclic ring structure may be independently 
substituted by from 0 to 5 R^"^ groups and each R'''* group is independently defined the 
same as l3ie substituents set forth above for the R^ group; 

20 G is a member selected from the group consisting of: H, -CN, -OR*^, 
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^21 



NR^ NR^ 



^22 



NR^ NR^ NR"" 

r22 

wherein 

t is an integer from 0 to 6; 
u is the integer 0 or 1; and 
5 R^*', b}\ R^, B?\ R^, R^, R^^ R^ and R^^ are independently selected 

from the group consisting of H, -OH, Ci-galkyl, C2-8alkenyl, Ca^alfcynyl, 
Cs^gcycloalkyl, Ce-^iacarbooyclic aryl^ a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the group consisting of N, O and S, and 
Ci^alkylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
1 0 of such atoms being selected from the group cor^isting of N, O and S; where R^* 
taken with R^^ R^^ taken with either of R^'* and R^, and R^ taken with R^, can each 
independently form a 5 to 6 membered heterocyclic ring containing from 1 to 4 atoms 
selected from the group consisting of N, O and S; 

wilh Ihe proviso that when G is H, -CN, or -OR^^ either E or J must contain at 
15 least one N aton^ 

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and 
prodrug derivatives thereof. 



The invention also provides a compound of formula la: 

20 
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wherein: 

A is a member selected from the group consisting of: R^, -NE.^R'*, 



5 




wherein R^, R^, R'*, R^ R^, R^, R^, and R^ are independently selected firom the group 
consisting of H, -OH, Ci.6alkyl, Cs-gcycloalkyl, aryl, a five to ten membered 
hetercKjyclic ring system containing 1-4 heteroatoras selected from the group 

1 0 consisting of N, O and S, and Ci,4alkylheterocyciic ring system having in the ring 
system 5 to 10 atoms with 1 to 4 of such atoms being selected from the group 
cor^isting of O and S; where R* talcen with either of R' and R^ and/or R^ taken 
with R®, can each form a 5 to 6 membered heterocyclic ring containing from 1 to 4 
atoms selected from the group consisting of N, O and S; 

15 m is an integer from 0-3, preferably 0-2; 

Z is a member selected from the group consisting of a direct Imk, Ci^Ucyl, 
Ca^cycloalkylj Ci^alkenyl, aryl, or a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the group consisting of N, O and S; 
n is an integer from 0-3, preferably 0-2; 

20 D is a member selected from the group consisting of a direct link, -NR^, 

-C(-0)-, -S-, -SO2-, -S02-NR^ -NR^-S02, -OCO-, -C(-0)NR^ and -NR^-C(-0) s 
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is a member selected from the group consisting of H, Ci.6alkyl, halogen, a - 
C(=OX>H group, an unsubstituted amino group, a mono- or di-substittited amino 
groi^, "CN, -NO2, -OH, -OR^ and -0-C(=0)R^; 
q is an integer from 0-3, preferably 0-2; 

5 Xis-NR^^-or-CHR^^S 

R^ ^ and R^^ are independently a member selected from the group consisting of 
H, Ci-ealkyl, Cs^scycloalkyl, aryl, CMalkylaxyl, CMalkyl-Cs-gcycloalfcyl, 
-O^C{K))R^ -Ci^alkyl-O-R^^ -Ci.6alkytO""C(«0)R^^ -Ci-6aJkyl-O^C(-0)OR*^ 
-Ci,6ancyl-C(=<>)TSfR^<^^^ -Ct^ealkyl-NR^^R^^ -CK6alkyl-NR^*'C(«0)R^^ -SR^^ 
1 0 wherein R^** is a member selected from the group consisting of Ct-galkyl, and 
wherein when two R^^ groups are present they may be taken together to form a. 
saturated or unsaturated ring with the atom to which they are both attached; 
p is an integer from 0-3, preferably 0-2; 

E is a member selected from the group consisting of a direct link, -0-, -NR^^ - 
15 (CH2)o-3-C(-0)-NH<CH2V3", -CH(C02R^^)(CH2)o-3-, -CHCCONR^XCHaVs". where 
R^^ is as described above, phenylene, a 5 to 12 membered heteroaryl group containing 
1 to 4 heteroatoms selected from the groig) consistmg of N, O and S, and a five to ten 
membered noU'-aromatic heterocyclic ring system containing 1-4 hetercmtoni^ selected 
from the group consisting of N, O and S, wherein said heteroaryl and said non- 
20 aromatic heterocyclic ring structure may be independently substituted by from 0 to 5 
R^'* groups and each R^"* group is independently defined as set forth above for R^ ; 

J is a member selected from the group consisting of a direct link, 
Cs-gcyoloalfcyl, phenylene, naphthalene, a 5 to 12 menibered heteroaryl group 
containing 1 to 4 heteroatoms selected from the group consisting of N, O and S, and a 
25 five to ten membered non-aromatic heterocyclic ring system containing 1-4 

heteroatoms selected from the group consisting of N, O and S wherein said heteroaryl 
and said non-aromatic heterocyclic ring stracture may be mdependently substituted by 
from 0 to 5 R^"* groups and e^h R^"^ group is iiwlependently defined as set forib above 
forR^; 

30 G is a member selected from the group consisting of: H, -CN, -OR^^, 
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NR2° 



s21 



NR^ 



I 

R 



NR^^R^^ . /^NR^R^ . 



22 



NR 



23 



R22 



NR 



23 



R 



26 



R 



,26 



wherein 



and 



NR« 

.A. 



Nr24fi25 



t is an integer firom 0 to 6; 
u is the integer 0 or 1; and 
5 R^^ R^^ R^^ R^^ R^, R^ R=^ and R^ are independently selected 

from the group consisting of H, -OH, Ci-gaUkyl, Ca-salkenyl, C2-8aIkynyl9 
Ca-gcycloalkyl, Ce-ucarbocycUc aryl, a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the group consisting of N» O and S, and 
Ci-jjalkylheterooyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
1 0 of such atoms bemg selected from the groitp consisting of O and S; where R** 
taken with R^^. taken wifli either of R^"* and R^, and R^"* taken with R^^ can each 
independently form a 5 to 6 membered heterocyclic ring containing from 1 to 4 atoms 
selected from the group consisting of N, O and S; 

with the proviso that when Q is H, -CN, or -OR", either B or J must contain at 
15 least one N atom; 

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and 
prodrug derivatives thereof. 

The invention provides compounds of the following formula 11: 
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wherein: 

A is a member selected from the group comisting of: R^, -"NR^R"^, 



5 




where R^,*R^, R^ R^, R^ R^, R®, and R^ are independently selected from the groiq> 
consisting of -OH, Ci-galkyl, C2.8alkenyU Ca-saOcynyl, Ca-scycloalkyl, 
C6-i2carbocycUc aryl, a five to ten membered heterocyclic ring system containing 1-4 

1 0 heteroatoms selected from the group consisting of N, O and S> and 

Ci^lkylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
of such atoms being selected from the group consisting of N, O and S; where R^ taken 
with either of R^ and R®, and/or R' taken with R®, can each form a 5 to 6 membered 
heterocyclic ring containing from 1 to 4 atoms selected from the group consisting of 

15 HOandS; 

m is an integer from 0-3, preferably 0-2, most preferably 0; 
Z is a member selected from the group consisting of a direct link, Ci-galkyi, 
Cs^cycloalkyl, Cj-galkenyl, C^alkynyl, Ci^aibocyclic arjrl, or a five to ten 
membered heterocyclic ring system containing 1-4 heteroatoms selected from the 

20 group consisting of N, O and S; 

n is an integer from 0-3, preferably 0-2, most preferably 0; 
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D is a member selected from the group consisting of: *NR^, -CC^O)-, -S-, 
-S02"NR^ -^NR^-SOa, -OCO^, "C(-0)NR^ and -NR^-C(-0) s preferably a 
member selected from the group consisting of: -NR^ -C(=0)-, -S-, and -SO2- ; 

is a member selected from the group consisting of H, Ci^eHkyU C2*saikenyl, 
5 Ca^alkynyU Cs-gcycloalkyl, halogen, polyhaloalkyl, Co.8alkyl-<:;(=0)OH, 
Co.8alkyl-C(-0)0-Ci^alkyl, -CN, -NO2, Co-salkyl-OH, Qj^alkyl^SH, and 
-0-C(=0)R^ an unsubstituted amino group, a mono- or di-snbstitated amino group, 
wherein the substituted amino groups are independently substituted by at least one 
member selected from the group consisting of H, Ci-salfcyl, Ca-salkenyl, CVgalkynyl, 
1 0 Cs-gcycloalkyl, polyhaloalkyl, Co.8alkyl-C(-0)OH and Co-8alkyl-CeO)0"Ci-8aayi; 
q is an integer from 0-3, preferably 0-2, most preferably 0; 
R^^ is a member selected from the grot^) consisting of H, Q-salkyl, C2- 
galkeayl, Qj^allcynyl, C^scycloalkyl, Q^iacarbocyclic aryl, Ci-6alkylaryl, 
CLgalkyl-Cs^gcycloalkyl, -0-R^ -0-C(-0)R^ -Ci-salkytO-R^^ 
1 5 "Ci^alkyl^O"-C(-0)R^^ .Ci-8alkyl-0-C(0)OR^^ -Ci^alkyl-C(-0)NR^*^R^^ 
"Ci-BaJky^NR*^^^ ^Ci.8all(yl-NR^^C(-0)R^^ -SR*^ wherein R^^ is a member 
selected from the group consisting of H, Ci,8alkyl, C2-8allcenyl, C^^alkynyl, and 
wherein when two R^** groups are present they may be taken together to form a 
saturated or unsaturated ring with the atom to which they are both attached, preferably 
20 a partially or fully saturated ring; 

p is an integer from 0-3, preferably 0-2; 

E a member selected fixjm the group consteting of a direct link, 
-N(-R^^K -(CH2)o.3-C{=0>NH-<CH2W, ^CHCCOsR^XCHaVa-, - 
CH(CX>1SIR^^)(CH2)m-, where R^ 4s as d^cribed above, phenylene, a bivalent 5 to 12 

25 membered heteroaiyl group containing 1 to 4 heteroatoms selected from the group 
consisting of N, O and S, and a five to ten membered non-aromatic bivalent 
heterocyclic ring system containing 1-4 heteroatoms selected from the group 
consisting of N, O and S, wherein said heteroaryl and said non-aromatic heterocyclic 
ring structure may be independently substituted by from 0 to 5 R^"* groups and each 

30 R^"^ group is independently defined the same as the substituents set forth above for the 
R* gtoxsp; 

J is a member selected from the group consisting of a direct link, a bivalent 
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Ca-gcycloalkyl group, phenylene, naphthalene, a 5 to 12 membered bivalent heteroaryl 
group contaimng 1 to 4 heteroatoms selected from the group consisting of N, O and S, 
and a five to ten membered non-aromatic bivalent heterocyclic ring system containing 
1-4 hoteroatoms selected from flie group consisting of N, O and S wherein said 
5 heteroaryl and said non-aromatio heterocyclic ring structure may be independently 
sttbstitated by from 0 to 5 R^"^ groups and each R^"^ group is independently defined the 
same as the substituents set forth ^ove for the group; 

G is a member selected from the groi^ consisting oft H, -CN, -OR", 



NH 



2 1 



i21 



NR^ NR23 NR^ 

R^ 

10 

wkerein 

t is an integer from 0 to 6; 
u is the integer 0 or 1; and 

R", R**, R*', R^°, R^, R^, R^^ and R^** are independently selected 

1 5 from Hie group consisting of H, -OH, Ci^allqrl, C2^alkenyl, C2-8alkynyl, 

Cs-gcycloalkyl, Q-ijcarbocyclic aryl, a five to ten noembered lieterocyclic ring ^tem 
containii^ 1-4 heteroatoms selected from tiie groiqp consisting of N, O and S, and 
Ci-galkylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
of such atoms being selected from the group consisting of N, O and S; where R^* 
20 tedcen wifli R^', R^ taken with either of R** and R^', and R^* taken with R^^ can each 
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independently form a 5 to 6 membered heterocyclic ring containing from 1 to 4 atoms 
selected from the group consisting of H O and S; 

with the proviso lhat when G is H, -CN, or -OR", either E or J must contain at 
least one N atom; 

5 and all phaimaceuticaUy acceptable isomers, salts, hydrates, solvates and 

prodrug derivative thereof 

Further preferred are compounds of formula HI: 




wherein: 

10 and R^ are independently selected from the group consisting of H, -OH, 

Ci^galkyl, C2-8alkenyl, Ca^galkynyl, Ca-scycloalkyl, Ce-iacarbocyclic aryl, a five to ten 
membered heterocyclic ring system containing 1-4 heteroatoms selected from Ihe 
group consisting of O and and Ci-ealkylheterocyclic ring system having in the 
ring system 5 to 10 atoms with 1 to 4 of such atoms being selected from the group 

15 consisting of O and S; 

R^ is a member selected from ttie group consisting of H, Ci.aalkyI, C2-8alkenyI, 
C2-saUcynyl, Ca-gcycloalkyl, halogen, polyhaloalkyl, Co-saUcyl-C(^0)OH, 
Co-8alkyl-C(=0)0-Ci.8alkyl -CN, -NO2, Co^galkyl-OH, Co.salkyl-'SH, -0-R^ and 
-0-C(-0)R^, an unsubstituted amino group, a mono- or di-substituted amino group, 

20 wherein the substituted amino groups are independently substituted by at least one 
member selected from the group consisting of H, Ci.salkyl, Ca-salkenyl, Cs^saWcynyl, 
Cs^scycloalkyl, polyhaloalkyl, Co-8alkyl-C(-0)OH and Co-8alkyl-C(-0)0-Ci.salkyl; 
q is an integer from 0-3; 

R^ ^ is a member selected from the group consisting of H, Cugalkyl, Ca« 
25 galkenyl, C2-8alkynyl, Q^gcycloalkyl, Ce-ixcarbocyclic aryl, Ci-ealkylaryl, 
C|^alkyl-C3.8cycloalkyl, ^0-R^ '-0-C(-0)R^ -Ci.salk/^0~R^^ 
-Ci.salkyl-0-C(-0)R^^ ^Ci.8alky^0-C(-0)0R^^ ^Ci.saUcyl-C(-0)NR^^R^^ 
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-Ci^galkyl-NR^^R^^ .Ci.8alkyl-NR^^C(-0)R^^ -SR^^ wheremR^^ is a member 
selected from the group consisting of H, Ci.saliyl, Ca^alkenyl, C^^galkynyl, and 
wherein when two R^^ gtoups are present they may be taken together to form a 
saturated or unsaturated ring with the atom to which they are both attached, preferably 
5 a partially or fully saturated ring; 

p is an integer from O-S^ preferably 0-2; 

E is a member selected from the group consistmg of a direct link, -O-, -NR**-, 

-(CH2)o-3--C(=<)>lNlH^CCH2)o.3-, •*CH(C02R^^XCH2)o-3-, -€H(CONR*')(CH2)o-3-, 
where R*^ is as described above, phenylene, a bivalent 5 to 12 membered heteroaryl 

1 0 group containing 1 to 4 heteroatoms selected from ihe group consisting of N, O and S, 
and a five to ten membered non-aromatic bivalent heterocyclic ring system containing 
1-4 heteroatoms selected from the group consisting of N, O and S, wherein said 
heteroaryl and said non-aromatic heterocyclic ring structuxe may be independently 
substituted by from 0 to 3 R*'* groups and each R^"* group is independently defined the 

15 same as the substituents set forth above for the R^ group; 

J is a member selected from the group consisting of a direct link, a bivalent 
Cs-gcycloalkyl group, phenylene, naphthalene, .a 5 to 12 membered bivalent heteroaiyl 
group containing 1 to 4 heteroatoms selected from the group consisting of N, O and S, 
and a five to ten membered non*-aromatic bivalent heterocyclic ring system containing 

20 1-4 heteroatoms selected from the group consisting of N, O and S wherein said 
heteroaryl and said non-aromatic heterocyclic ring structure may be independently 
substituted by from 0 to 5 R^"^ groups arid each R^"^ group is independently defined the 
same as the substituents set forth above for the R^ group; 

G is a member selected from die group consisting of: H, -CN, -OR", 
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NR23 Nr23 HR^ 

R22 

wherein 

t is an integer from 0 to 6; 
u is the integer 0 or 1; and 
5 R", R^, R=^^ R^^ R'^ R^\ R=^' and R^*^ are independently selected 

from the group consisting of H, -OH, Ci^salkyl^ Cz^dJk&nyl^ Ca^galkynyl, 
C3-gcycloallcyl, C^-iacarbocyclic aryl> a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the groiip consisting of O and S, and 
Ci^alkylheterocyclic ring system having in Ihe ring system 5 to 10 atoms with 1 to 4 
1 0 of such atoms being selected from the group consisting of N, O and S; where R*^ 
taken with R^^ R^ taken with either of R^ and R^, and R^ taken with R^^ can each 
independently form a 5 to 6 membered heterocyclic ring containing from 1 to 4 atoms 
selected from the group consisting of N, O and S; 

with the proviso that when G is H, -CN, or -OR^^, either E or J must contain at 
15 least one N atom; 

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and 
prodrug derivatives thereof. 

Particularly preferred are compounds of formula III where R* and R^ are each 
independently a lower alkyl group and R*^ is hydrogen or a CrCa alkyl group. 
20 Further preferred are such compounds where one or more of E and J is independently 
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an aryi or a heterocyclic group as defined above with respect to formula 31, especially 
an aryl or heterocyclic member selected from the group consisting of phenyl, 
thiophene, furan, benzoftiran, benzothiophene, pyridine, other heterocyclic bicycHc 
rings as defined above for formula II, and the like. When only one of E or J is an aryl 
5 orheterocyclicmember, the other is preferably a direct link. More preferred 
coinpounds are those compounds wherein q is zero and is a lower alkyl group* 
Even more preferred are compounds of formula Ilia, as set forth in Table 1 
below, where and R" are each independently hydrogen or a CrQ alkyl group and 
p, B, J, and O are each as set forth in Table 1 , 
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Also preferred compounds are isoquinolcMie-containing compoimds of fbimula 
n where m is 0, and E and J collectively fbrm a sut^tituted or unsubstituted 
biphenylene group as illustrated in fotmula IV. 

(R')<, 



A-Z-(CH2)rD 




(R )o-4 



5 wherein: 



A is a member selected fiom the group consisting of: -NR^R*, 



NR^ NR^ 



NR^R® 



R* 



NR® 



NR^ 



and 



R^ 



R^ 



where R^, R^, R", R^ R*, R', R®, and R' are independently selected from the group 
10 consisting of H, -OH, Cj-salicyl, Cz-galkenyl, Cz-galkynyl, Cs-scycloalkyl, 

Cg-jacarbocyclic aryl, a five to ten menribered heterocyclic ring system containing 1-4 
heteroatoms selected from the group consisting of N, O and S, and 
Ci-ealkylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
of such atoms being selected from the group consistmg of N, O and S; where R* taken 
1 5 with either of R' and R*, and/or R' taken with R^, can each form a 5 to 6 membered 
heterocyclic ring containing from 1 to 4 atoms selected from the group consisting of 
N, O and S; 

Z is a member selected from the group consisting of a direct link, Ci-galkyl, 
Ca^cycloalkyl, Cz^alkenyl, Cj-salkynyl, Ci^carbocyclic aryl, or a five to ten 
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membered heterocyclic ring sysrtem containing 1-4 heteroatoms selected jSrom the 
group consisting of O and S; 

n is an integer from 0-3, preferably 0-2, most preferably 0; 

D is a member selected from the group consisting of: -NR^, -CC^O)-, -S-, 

5 «S02", -S02"NR^ -NR^-S02» -OCO-, -C(=0)NR^. and "NR^-C(-0) preferably a 
member selected from the group consisting of: -MR^, -C(=0)", -S-» and -SO2- ; 

is a member selected from the group consisting of H, Ci-sallsyl, Ca-salkenyl, 
Ca-galkynyl, Cs-gcycloalkyl, halogen^ polyhaloalkyl, Co-8alkyl-C(=0)OH, 
Co.8alkyl"C(K))0-Ci^alkyl, -CN, -NO2, Co-salkyl-OH, Co-galkyl-SH, -OR^ and 

1 0 -OC(=0)R^, an umubstituted amino group, a mono- or di-substztuted amino group, 
wherein the substituted amino groups are independently substituted by at least one 
member selected from the group consisting of H, Ci^alkyl, Cz-salkenyl, Cz^salkynyl, 
Cs-scycloalkyl, polyhaloalkyi, CQ-8allcyl-C(=0)OH and Co.8alkyl-C{==0)0-Ci.8ancyl; 
q is an integer from 0-3, preferably 0-2, most preferably 0; 

15 R' Ms a memW selected from the group consisting of H, Ci^alkyl, C2- 

gaUcenyJ, Ca-gallcynyl, Cj^cycloalkyl, Ce-iacarbocyclic aryl, Ci.<salkylaryl, 
Ci^ealkyl-CMcycloalkyl, -0-R^ -0-C(^0)R^, -d^galkyl-O-R^^ 
-Ci^alkyl-0-C(«0)R^^ -Ci4ialkyl-0-C(K))0R^^ -Ci.8alkyl-C(0)NR**^^^ 
-Ci^allcyl-NR^ -Ci^alkyl"NR^*'C(-0)R^^ and ^SR^^ wherein R^^ is a member 

20 selected from the group consisting of H, Ci-galkyl, C2-8aIkenyl, C2-8allfiynyl, and 
wherein when two R^** groups are present they may be taken together to form a 
saturated or unsaturated ring with the atom to which they are bofii attached^ preferably 
a partially or ftdly saturated ring; 

R*'* is a member selected from the group consisting of H;, Cx-galkyl, C2. 

25 galkenyl, Ca-saUcynyl* Ca-geycloallcyl, halogen^ polyhaloalkyl, Co-8alkyl-C(==OX>H, 
Co-8al]£yl-C(=='0)0-Ci.8alkyl, -CN, -1^02, Co-salkyl-OH, Co-salkyl-SH, -O-R^ and 
-0-CX=0)R^* au unsubstituted amino groups a mono- or di-substituted amino group, 
wherein the substituted amino groups are independently substituted by at least one 
member selected from the group consisting of H, Cvsalkyl, C2.8alkenylj C2-salkynyI, 

30 C3-8cycloaUcyl, polyhaloalkyl, Co-8alkyl-C(=0)OH and Co-8alkyl-C(=^0)0-Ci.8alkyl; 
G is a member selected from the group consisting of: H, -CN, -OR^^, 
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,2S 



wherein 

t is an integer from 0 to 6; 
u is the integer 0 or 1; and 
5 R", R^^ R^^ R^, R'', R^> R^* and R^*^ are independently selected 

from the group consisting of H, -OH, Ci-galkyl, C2-8a3kenyl, CMallcynyl, 
Cs^gcycloalkyi, C6.i2carbocyclic aryl, a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the group consisting of N, O and S» and 
Ci^alkylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
10 of such atoms being selected from the group consisting of N, O and S; where R^^ 
taken with R*^ R^ taken with either of R^ and R^^ and R^ taken with R^» can each 
independently form a 5 to 6 membered heterocyclic ring containing ftx)m 1 to 4 atoms 
selected from the group consisting of N, O and S; 

with the proviso that when G is H, -CN, or -OR^^, either E or J must contain at 
15 least one N atom; 

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and 
prodrug derivatives thereof* 

Particularly preferred compounds aocordhig to formula IV are compounds 
wherein each of the R\ R^ R^^ and R*"* groups is independently selected from the 
20 group consisting of hydrogen and CrCjalkyl, preferably hydrogen and C1-C3 alkyl. 
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most preferably hydrogen, methyl and ethyL 

Even more preferred compounds according to formula TV are componnds 
according to formula IVa as set forth in Table 2 below, wherein each of the * and 
R^"* groups are independently a member selected firan the group consisting of 
5 hydrogen, methyl and ethyl and the remaining substituents are as set forth m Table 2: 
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Table2(Cont.) 






A~Z-(CH2)rD—|{ 
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Foimula IVa 


(R )o-4 


NHa 
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-O- 


CHj- 
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-O 


(CH3)2NCO- 






0 


CHa 
-N- 








0 


-O- 








I 


-CH2- 



Also preferred compoimds are compotmds according to formula II having a 
bicyclic ring structures as set fortli in the definition for formula II and a saturated 
10 heterocyclic ring containing a nitrogen atom. Particularly preferred are compounds 
wherein the bicyclic ring structure is joined directly or indirectly to a piperidine ring 
wherein D is and the remaining substituents are defined as set forth in formula U 
above as illustrated in formula V below: 



wo 01/72712 PCT/USOl/09376 

38 




The invention also encompasses all pharmaceiitically acceptable salts^ 
hydrates, solvates, and prodrug derivatives of the compoxinds of formulae I-Vb. In 

5 addition, the componnds of formulae I-Vb can exist in various isomeric and 

tautomeric forms, and all such forms are meant to be included in the invention, along 
with pharmaceutically acceptable salts, hydrates, solvates, and prodrug derivatives of 
such isomers and tautomers* 

The compounds of the invention may be isolated as the free acid or base or 

10 converted to salts of various inorganic and organic acids and bases. Such salts are 
within the scope of the invention. Non-toxic and physiologically compatible salts are 
particularly useful, but less desirable salts may have use in the processes of isolation 
and purification. 

A number of mettiods are useful for the preparation of the salts described 
1 5 above and are known to those skilled in the art. For example, the ftee acid or free 
base form of a compound of one of the formulas above can be reacted with one or 
more molar equivalents of the desired acid or base in a solvent or solvent mixture in 
which the salt is iosoluble, or in a solvent like water after which the solvent is 
removed by evaporation, distillation or freeze drying. Alternatively, the free add or 
20 base form of the product may be passed over an ion exchange resin to form the 

desired salt or one salt form of the product may be converted to another using the 
' same general process. 



Prodrug I^rivatives of Compounds 
25 The invention also encompasses prodrug derivatives of the compounds 

contained herein. The term "prodrug" refers to a pharmacologically mactive 
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derivative of a parent drug molecule that requires biotransformatiott> either 
spontaneous or enzymatic, within the organism to release the active drug. Prodrugs 
are variations or derivatives of the compounds of the invention which have groups 
cleavable under metabolic conditions. Prodrugs become the confounds of the 
5 invention which are pharmaceutically active in vivo, when they undergo solvolysis 
under physiological conditions or undergo enzymatic degradation. Prodrug 
compounds of the invention may be called single, donible, triple etc, depending on the 
number of biotransfbnnation steps required to release the active drag within the 
organism, and indicating the number of fimctionaiities present in a precursor-type 
10 form. Prodrug forms often offer advantages of solubility, tissue compatibility, or 
delayed release in the mammalian organism (see, Bimdgard, Design^ of Prodrugs, pp* 
7-9, 21-24, Elsevier, Amsterdam 1985 and Silverman, The Organic Chemistsy of 
Drug Design and Drug Action, pp. 352-401, Academic Press, San Diego, CA, 1992), 
Prodrugs commonly known in the art include acid derivatives well known to 
1 5 practitioners of the art, such as, for example, esters prepared by reaction of the parent 
acids with a suitable alcohol, or amides prepared by reaction of the parent acid 
compound with an amine, or basic groups reacted to form an acylated base derivative. 
Moreover, the prodrug derivatives of the invention may be combined with other 
features herein taught to enhance bioavailability. 
20 The compounds of the present invention may also be used alone or in 

combination or in cojnbination with other therapeutic or diagnostic agents. In certain 
preferred embodiments, the compounds of the invention may be coadministered along 
wifli other compounds typically prescribed for these conditions according to generally 
accepted medical practice such as anticoagulant agents, thrombolytic agents, or other 
25 antithrombotics, including platelet aggregation inhibitors, tissue plasminogen 

activators, urokinase, prourokinase, streptokin^e, heparin, aspirin, or warfarin. The 
compounds of the present invention may act in a synergistic fashion to prevent 
reocclusion following a successful thrombolytic therapy and/or reduce the time to 
reperfusion. These compounds may also allow for reduced doses of the thrombolytic 
30 agents to be used and therefore minimize potential hemorrhagic side-effects. The 
compounds of the mvention can be utilized in vivo^ ordinarily m mammals such as 
primates, (e.g. humans), sheep, horses, cattle, pigs, dogs, cats, rats and mice, or in 
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vitro. 

The biological properties of the compounds of the present invention can he 
readily characterized hy methoite that are well known in the art such as> for example, 
by in vitro protease activity assays and in vivo studies to evaluate antithrombotic 

5 efQcacy, and effects on hemostasis and hematological parameters, such as are 
illustrated in the examples. 

Diagnostic applications of the compounds of the invention will typically 
utilize formulatioiius in the form of solutions or suspensions* In the management of 
thrombotic disorders, the compounds of the invention may be utilized in compositions 

1 0 such as tablets, capsules or elixirs for oral administration, suppositories, sterile 

solutions or suspensions or injectable administration, and the like, or incorporated into 
shaped articles. Subjects in need of treatment (typically mammalian) using the 
compounds of the invention can be administered dosages that will provide optimal 
efficacy. The dose and method of a(hninistration will vary fix)m subject to subject and 

15 be dependent upon such fectors as the type of mammal being treated, its sex, weight, 
diet, concurrent medication, overall clinical condition, the particular compounds 
employed, the specific use for which these confounds are employed, and other 
fectors which those sldlled in the medical arts will recognize, 

20 Preparation of Compounds 

The compounds of the present invention may be synthesized by either solid or 
liquid phase methods described and referenced in standard textbooks, or by a 
combination of both methods. These methods are well known in the art. See, 
Bodanszky, "The Principles of Peptide Synthesis", Hafiier, et aL, Eds., Springer- 

25 Verlag, Berlin, 1984* 

St^ng matermls used in any of these methods are commercially available 
from chemical vendors such as Aldrich, Sigma, Nova Biochemicals, Bachem 
Biosciences, and the like, or may be readily synthesized by known pr<HJedures. 
30 Reactions are carried out in standard laboratory glassware and reaction vessels 

under reaction conditions of standard temperature and pressure, except where 
otherwise indicated. 
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During the synthesis of these compounds, the functional groups of the amino 
acid derivatives used in these methods are protected by blocldng groups to prevent 
cross reaction during the coupling procedure. Examples of suitable blocking groups 
and their use are described in "The Peptides: Analysis, Synthesis, Biology", Academic 

5 Press, VoL 3 (Gross, et al, Eds,, 1981) and Vol. 9 (1987), the disclosures of which 
are incorporated herein by reference. 

One exemplary synth^is scheme is outlined directly below, and the specific 
steps are described in the Examples, The reaction products are isolated and purified 
by conventional methods, typically by solvent extraction into a compatible solvent 

1 0 The products may be fiirther purified by column chromatography or other appropriate 
methods. 
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Scheme 1 
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Scheme 2 




1. CuCN, DWSFAmi 
111. AozO 

} '30% over 3 steps 




R»CH3 70%,NHji 78% 
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Scheme 3 




<i 83%'' 



PBADCat 
PPh3,THForCH2Cl2 

L NH2OH, Et^N; 
iL AC2O; 



81% 5 



Admldatfon H^H^ NH2 
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Compositions or Fprmitlations 

Compositions or formulations of the conrpounds of the invention are prepared 
for storage or administration by mixing a compound of the invention having a desired 
degree of purity with physiologically acceptable carriers, excipients, stabilizers etc*, 

5 and may be proAdded in sustained release or timed release formulations. Acceptable 
carriers or diluents for therapeutic use are well known in the phatnaceutical field, and 
are described, for example, in Remington*s Pharmaceutical Sciences, Mack 
Publishing Co,, (A,R. Gennaro edit. 1985). Such materials are nontoxic to the 
recipients at the dosages and concentrations employed, and include buffers such as 

10 phosphate, citrate, acetate and other organic acid salts, antioxidants such as ascorbic 
acid, low molecular weight (less than about ten residues) peptides such as 
polyarginine, proteins, such as serum albumin, gelatin, or immunoglobulins, 
hydrophilic polymers such as polyvinylpyrrolidinone, amino acids such as glycine, 
glutamic acid, aspartic acid, or arginine, monosaccharides, disaccharides, and other 

1 5 carbohydrates including cellulose or its derivatives, glucose, mannose or dextrins, 
chelating agents such as EDTA, sugar alcohols such as mannitol or sorbitol, 
counterions such as sodium and/or nonionic surfactants such £^ TWEEN® , 
PLURONICS® or polyethyleneglycoL 

I>osage formulations of the coni^unds of the invention to be used for 

20 therapeutic administration must be sterile. Sterility is readily accomplished by 
filtration through sterile membranes such as 0.2 micron membranes, or by other 
conventional methods. Formulations typically will be stored in lyophilized form or as 
an aqueous solution. The pH of the preparations of the invention typically will be 
about 3-1 1 , more preferably about 5-9 and most prefera1>ly about 7-8. It will be 

25 understood that use of certain of the foregoing excipients, carrieis, or stabilizers may 
result in the formation of cyclic polypeptide salts. While the preferred route of 
administration is by injection, other methods of administration are also anticipated 
such as orally, intravenously (bolus and/or infusion), subcutaneously, intramuscularly, 
colonically, rectally, nasally, transdermally or intraperitoneally, employing a variety 

30 of dosage forms such as suppositories, implanted pellets or small cylinders, aerosols, 
oral dosage foramlations and topical formulations such as ointments, drops and 
dermal patchy. The compounds of the invention are desirably incorporated into 
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shaped articles such as implants which may employ inert materials such as 
biodegradable polymers or synthetic silicones, for example^ Silastic, silicone rubber 
or other polymers commeixjially available. 

The compounds of the invention may also be administered in the form of 

5 liposome delivery systems, such as small unilamellar vesicles, large unilamellar 
vesicles and multilamellar vesicles. Liposomes can be formed from a variety of 
lipids, such as cholesterol* stearylamine or phosphatidylcholine. 

The compoimds of the mvention may also be delivered by the use of 
antibodies, antibody fragments, growth factors, hormones, or other targeting moieties, 

10 to which the compound molecules are coupled. The compounds of the invention may 
also be coupled with suitable polymers as tatgetable drag carriers. Such polymers can 
include polyvinylpyrrolidinone, pyran copolymer, polyhydroxy-propyl- 
methacrylamide-phenol, polyhydroxyettiyl-aspartamide-phenol, or 
polycfhyleneoxide-polylysine substituted with palmitoyl residues. Furthermore, 

15 compounds of the invention may be coupled to a class of biodegradable polymers 
useful in achieving controlled release of a drug, for example polylactic acid, 
polyglycolic acid, copolymers of polylactic and polyglycolic acid, polyepsilon 
caprolactone, polyhydroxy butyric acid, polyorthoesters, polyacetals, 
polydihydropyrans, polycyanoacrylates and cross linked or amphtpafhic block 

20 copolymers of hydrogels. Polymers and semipermeable polymer matrices may be 
formed into shaped articles, such as valves, stents, tubing, prostheses and the like. 

Therapeutic con^oimd liquid formulations generally are placed into a 
container having a sterUe access port, for example, an intmvenous solution bag or vial 
having a stopper pierceable by hypodermic injection needle. 

25 Therapeutically effective dosages may be determined by either in vitro or in 

vivo methods* For each particular compound of the present invention, individual 
determinations may be made to determine the optimal dosage required. The range of 
therapeutically effective dosages will be influenced by the route of administration, the 
therapeutic objectives and the condition of the patient. For injection by hypodermic 

30 needle, it may be assumed the dosage is delivered into the body's fluids. For other 
routes of administration, the absorption efSciency must be individually determined 
for each compound by methods well known in pharmacology. Accordingly, it may be 
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necessary for the therapist to titer the dosage and modify the route of admimstration 
as required to obtain the optimal therapeutic effect* The determination of effective 
dosage levels, that is, the dosage levels necessary to achieve the desired r^ult, will be 
readily determined by one skilled in the art. Typically, applications of compound are 
5 commenced at lower dosage levels, with dosage levels being increased until the 
desired effect is achieved 

The compoimds and compositions/fonirulations of the invention can be 
administered orally or parenterally in an effective amount within the dosage range of 
about 0.001 to about 1000 mg^g, preferably about 0.01 to about 100 mg/kg and more 
1 0 preferably about 0. 1 to about 20 mg/kg . Advantag^usly, the compounds and 

con^sitions/formulations of flie invention may be administered several times daily, 
although other dosage regimens may also be useful {e*g. single daUy dose and/or 
continuous infusion). 

Typically, about 0,5 to about 500 mg of at least one compound or mixture of 
16 compounds of the invention, as the free acid or base form or as a pharmaceutically 
acceptable salt, is compotmded with a physiologically acceptable vehicle, carrier, 
excipient, binder, preservative, stabiUzer, dye, flavor etc,, as called for by accepted 
pharmaceutical practice. The amount of active ingredient in these compositions is 
such that a suitable dosage in the range indicated is obtained, 
20 Typical adjuvants which may be incorporated into tablets, capsules and the 

like are binders such as acacia^ com starch or gelatin, and excipients such as 
microcrystalline cellulose, disintegrating agents like com starch or alginic acid, 
lubricants such as magnesium stearate, sweetening agents such as sucrose or lactose, 
or flavoring agents. When a dosage form is a capsule, in addition to the above 
25 materials it may also contain liquid carriers such as water, saline, or a fatty oiL Other 
materials of various types may be used as coatings or as modifiers of the physical 
form of the dosage unit Sterile compositions for hijection can be formulated 
according to conventional pharmaceutical practice. For example, dissolution or 
suspension of the active compound in a vehicle such as an oil or a synthetic fetty 
30 vehicle like ethyl oleate, or into a liposome may be desired. Buffers, preservatives, 
antioxidants and the like can be incorporated according to accepted pharmaceutical 
practice* 
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The preferred compotmds of the present mvention are characterized by their 
ability to inhibit thrombus forraation with acceptable effects on classical measures of 
coagixlation parameters, platelets and platelet flmction, and acceptable levels of 
bleeding complications associated with their use. Conditions characterised by 
5 nndesited thrombosis would include those mvolving the arterial and venous 
v^culature. 

With respect to the coronary arterial vasculature, abnormal thrombus 
formation characterizes the rupture of an established atherosclerotic plaque which is 
the major cause of acute myocardial mferction and unstable angina, as well as also 
10 characterizing the occlusive coronary thrombus formation resulting ftom either 
thrombolytic therapy or percutaneous translimiinal coronary angioplasty (PTCA), 

With respect to the venous vasculature, abnormal thrombus formation 
characterizes the condition observed in patients undergoing major surgery in the 
lower extremities or the abdominal area who often suffer ftom thrombus formation in 
1 5 the venous vasculature resulting in reduced blood flow to the affected exttemity and a 
predisposition to pulmonary embolism. Abnormal thrombus formation fbrther 
characterizes disseminated intmvascular coagulopathy commonly occurs within both 
vascular systems during septic shock, certain viral infections and cancer, a condition 
wherein there is rapid consumption of coagulation factors and systemic coagulation 
20 which results in the formation of life-tbreatening thrombi occurring throu^out the 
microvasculature leading to widespread organ failure. 

The compounds of the invention axe useful for the treatment or prophylaxis of 
those disease M^ich involve the production and/or action effector 
Xa/prothrombinase complex. The compounds of this present invention, selected and 
25 used as disclosed herein, find utility as a diagnostic or therapeutic agent for 

preventing or treating a condition in a mammal characterized by undesired thrombosis 
or a disorder of coagulation. Disease states treatable or preventable by the 
administration of compounds of the mvention mclude, without limitation, occlusive 
coronary thrombus formation resulting from eiflier thrombolytic therapy or 
30 percutaneous transluminal coronary angioplasty, thrombus formation in the venous 
vasculature, disseminated intravascular coagulopathy, the treatment of reocclusion or 
r^tenosis of reperfused coronary arteries, thromboembolic complications of surgery 
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and peripheral arterial occlusion, a conditioii wherein fibere is rapid consumption of 
coagidation factors and systemic coagulation which results in the formation of life- 
threatening thrombi occurring throughout the microvasculature leading to widespread 
organ failure, hemorrhagic stroke, renal dialysis, blood oxygenation, and cardiac 
5 catheterization. 

Accordingly, the invention provide a method for preventmg or treating a 
condition in a mammal characterized by undesired thrombosis which administers to a 
mammal a fherapeuticaUy effective amount of a compound of the invention, as 
described herein. Conditions for prevention or treatment include, for example, (a) the 

1 0 treatment or prevention of any thrombotically mediated acute coronary syndrome 
including myocardial inferction, unstable angina, reftactory angma, occlusive 
coronary thrombus occurring post-thrombolytic ther^y or post-coronary angioplasty, 
(b) the treatment or prevention of any Ihrombotically mediated cerebrovascular 
syndrome inchidkig embolic stroke, thrombotic stroke or transient ischemic attacks, 

1 5 (c) the treatment or prevention of any thrombotic syndrome occurring in the venous 
system including deep venous throndx^is or pulmonary embolus occurring either 
spontaneously or in the setting of malignancy, surgery or trauma, (d) the treatment or 
prevention of any coagulopathy including disseminated intravascular coagulation 
(including the setting of s^tic shock or other infection, surgery, pregnancy, trauma or 

20 malignancy and whether associated with multi-organ feilure or not), thrombotic 
thrombocytopenic purpura, thromboangiitis obliterans, or thrombotic disease 
associated with heparin induced thrombocytopenia, (e) the treatment or prevention of 
thrombotic complications associated with extracorporeal circulation (e-g. renal 
dialysis, cardiopulmonary bypass or other oxygenation procedure, plasmapheresis), 

26 (f) the treatment or prevention of thrombotic complications associated with 

instrumentation (e.g. cardiac or other intravascular catheterization, intra-aortic balloon 
pump, coronary stent or cardiac valve), and (g) those involved with the fitting of 
prosthetic devices. 

Anticoagulant therapy is also useftil to prevent coagulation of stored whole 
30 blood and to prevent coagulation in other biological samples for testing or storage. 
Thus the compounds of the invention can be added to or contacted with any medium 
containing or suspected to contain factor Xa and in which it is desired that blood 
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coagulation be inhibited, e.g., when contacting the mammal*s blood wilh material 
such as vascular grafts, stents, orthopedic prostheses, cardiac stents, valves and 
prostheses, extra corporeal circulation systems and the like. Thus, the compounds of 
the invention also find utility m a method for inhibiting the coagulation of biological 

5 saniples by adininistration of a compound of the invention. 

Without ftnfhcar description, it is believed that one of ordinary skill in the art 
can, using the preceding description and the following illustrative examples, make 
and utUize the compotinds of the present invention and practice the claimed methods* 
The following examples are non-lunitmg embodiments of the present mvention, 

1 0 which were made utilizing a method as generally shown in reaction Scheme 1, above, 
or by a similar procedure. 



Examples 



Examples 1-24 are compounds according to the following formula: 
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Example 



11 



12 



13 



14 



15 



16 



17 



18 



19 



52 
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H3C 
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Example A-2 E-J-G 



20 



21 



22 



24 



H2N 




a0 o*^*^^^ 



NH 



23 "'Vf^ -^^""^O^""^ 



CH3 

Ow<^ NH 




5 Biological Activity Examples 

Evaluation of the compounds of the invention is guided by in vitro protease 
activity assays (see below) and in vivo studies to evaluate antithrombotic efficacy, and 
effects on hemostasis and hematological parameters. 

The compounds of the present invention are dissolved in buffer to give 
1 0 solutions containing concentrations such that assay concentrations range jfrom 0 to 
100 ]xM. In the assays for thrombin, prothrombinase and factor Xa, a synthetic 
chromogenic substrate is added to a solution containing test compound and the 
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enzyme of interest and the residual catalytic activity of that ens^rme is determined 
spectrophotometrically. The IC50 of a compound is deterauned from the substrate 
turnover. The IC50 is the concentration of test compound giving 50% inhibition of 
the substrate turnover. The compounds of the present invention desirably have an 

5 IC50 of less than 500 nM in the factor Xa assay, preferably less than 200 nM, and 
more preferred compounds have an IC50 of about 100 nM or less in the factor Xa 
assay. The compounds of the present invention desirably have an IC50 of less than 
4.0 jiM in the prothrombinase assay, preferably less than 200 nM, and more preferred 
compounds have an IC50 of about 10 nM or less in the prothrombinase assay. The 

1 0 compounds of the present invention desirably have an IC50 of greater than 1 ,0 ^M in 
the thrombin assay, preferably greater than 10,0 fiM, and more preferred compoimds 
have an IC50 of greater than 100*0 |xM in the thrombin assay. 

Amidolytic Assays for determining protease i nhthition ajctivity 

1 5 The fector Xa and thrombin assays were performed at room temperature, in 

0.02 M Tris HCl buffer, pH 7.5, containing 0.15 M NaCl The rates of hydrolysis of 
the para-nitroanilide substrate S-2765 (Chromogenix) for fector Xa, and the substrate 
Chromozym TH (Boehringer Mannheim) for thrombin following preincubation of the 
enzyme with inhibitor for 5 minutes at room temperature, and were determined using 

20 the Sofbnax 96-well plate reader (Molecular Devices), monitored at 405 mn to 
measure the tune dependent appearance of p-nitroaniline* 

The prothrombinase inhibition assay was performed in a plasma free system 
with modifications to the method described by Sinha, U. et aL^ Thromb, Res., 75, 
427-436 (1994), Specifically, the activity of flie prothrombinase complex was 

25 determined by me^uring the time course of thrombiu generation using the p- 
nitroanilide substrate Chromozym TH, The assay consists of preincubation ( 5 
minutes) of selected compounds to be tested as inhibitors witiht the complex formed 
jfrom jB^tor Xa (0.5 nM), fector Va (2 nM), phosphatidyl serinetphosphatidyl choline 
(25:75, 20 jxM) in 20 mM TrisHCl buffer, pH 7*5, containing 0 J5 M NaCl, 5 mM 

30 CaCl2 and 0 J% bovine serum albumin. Aliquots fit)m the con^lex-mhibitor mixture 
were added to prothrombin (X nM) and Chromozym TH (0.1 mM)* The rate of 
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substrate cleavage was monitored at 405 nm for two minutes. Eight dififerent 
concentratiotts of inhibitor were assayed in duplicate. A standard curve of thrombin 
generation by an equivalent amount of untreated conqplex was used for determination 
of percent inhibition. 

5 

Antithrombotic Efficacy in a Rabbit Model of Venous Thrombosis 

A rabbit deep vein thrombosis model as described by Hollenbach, S. et al, 
Tbromb, Haemost, 71, 357-362 (1994), is used to determine the in-vivo 
antithrombotic activity of the test compounds. Rabbits are anesthetized with I,M. 

10 mjections of Ketaniine, Xylazine, and Aceproma2ine cocktail. A standardized 
protocol consists of insertion of a thrombogenic cotton thread and copper wire 
apparatus into the abdominal vena cava of the anesthetized rabbit A non-occlusive 
thrombus is allowed to develop in the central venous circulation and inhibition of 
thrombus growth is used as a m^ure of the antithrombotic activity of the studied 

15 compounds* Test agents or control saline are administered through a niarginal ear 
vein catheter, A femoral vein catheter is used for blood sampling prior to and ctaring 
steady state infusion of test compound. Initiation of thrombus formation begins 
immediately after advancement of the cotton thread apparatus into the central venous 
circulation. Test compounds are administered from time - 30 min to time =150 min 

20 at which the experiment is terminated. The rabbits are euthanized and ttie thrombus 
excised by surgical dissection and characterized by weight and histology. Blood 
samples are analyzed for changes in hematological and coagulation parameters* 

Effects of Compounds in Rabbit Venous Itrombosis model 

25 Administration of conqjound according to the invention m the rabbit venous 

thrombosis model demonstrates antithrombotic eflflcacy at the higher doses evaluated* 
There are no significant effects of the compound on the aPTT and PT prolongation 
with the highiest dose (100 jxg/lcg ^ 2*57 |ig/kg/min)- The compounds have no 
significant effects on hematological parameters as compared to saline controls. All 

30 measiurements are an average of all samples after steady s^te administration of 
vehicle or (D>Arg-Gly-Arg"fhiazole. Values are expressed as mean ± SD. 

Below is biological data reported as IC50 values, as described above, for each 
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of title compounds Examples 1-24, shown above* 
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Example XA 
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500.99 
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500.99 


348 
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500.99 


500.99 
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32.5 


500.99 
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500 


501 
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248 


501 


11.6 
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41.9 


244 


500.99 


27.46 
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24*6 


490 


500.99 


27.9 
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21.6 


390 


500,99 


16*6 
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309 


356 
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3.55 
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0.53 


180.99 
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O.Sl 
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16.9 
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180.99 


180.9 
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0*794 


500.99 


500.99 
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180.9 




6.35 


16 


0.693 
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83.4 












17 


0.348 


500 


130 


0,292 


180.999 


40.23 


16.07 


0.689 


18 


0.282 


500.99 


500 
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180.99 


28,95 


8,75 
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19 


0^58 


119 
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0.228 
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180.999 


128.2 


94,5 
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180.999 
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5*25 
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27 
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0.0752 



Without further description, it is believed that one of ordinary sldll in Ihe art 
can, using the preceding de^ription and the illustrative examples^ make and utilize 
the compounds of the present invention and practice the claimed methcKls. It shonld 
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be uaderstood tiiat the foregoing discussion and examples mei:ely pr^ent a detailed 
description of certain preferred embodiments. It will be apparent to those of ordinary 
skill in the art that various modifications and equivalents can be made without 
departing fh>m the spirit and scope of the invention. All the patenis, journal articles 
6 and other documents discussed or cited above are herein incorporated by reference* 



wo 0102712 



56 



PCTmSOl/09376 



WHAT IS CLAIMED IS: 

I . A coinpound represented by the formula: 



/V(CH2)mZKCH2)frD 




(D 



N-~(CH2)p-E— J-C3 



5 wherein: 



A is a member selected from the group consisting of: R^, -NR^K*, 
NR® NR^ 



R^ 




R^ 



R" 



and 



NR" 



R^ ; 



where R^, R^ R'*, R^ R^, R', R^ and R^ are independently selected from the group 
10 consisting of H, -OH, Ci^alkyl, Ca-galkenyl, Ca^alkynyl, Cs-gcycloalkyl, 

Cg-tacarbocyclic aryl, a five to ten raembered heterocyclic ring system containing 1-4 
heteroatoms selected from the group consisting of N, O and S, and 
Ci-ealkylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
of such atoms being selected from the group consisting of N, O and S; where R* taken 
1 5 with either of R'' and R^, and/or R' taken with R*, can each form a 5 to 6 membered 
heterocyclic ring containing from 1 to 4 atoms selected from the group consisting of 
N, O and S; 

m is an integer from 0-3 ; 
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Z is a member selected from flie group consisting of a direct link, Ci^dSkyl, 
C3«8cycloalkyl>Ci.6aikenyl, aryl, or a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the group consisting of N, O and S; 
n is an integer from 0-3; 
5 D is a member selected from the group consisting of a direct link, -0-» -NR.^, 

^C(-0)^, -S^, ^S02-, ^S02"-NR^ "NR^-S02, -OCO-^, ^C{=0)NR^ and ^NR^^(-0)-, 
where is as set forth above; 

is a member selected from the group consisting of H, C^sallsyl, C2-saIkenyl, 
Q^aliynyl, Cs-gcycloalkyl, halogen^ polyhaloalkyl, Co.8alkyl-CX=0)OH, 
10 Co-8aIkyl^C(=0)OCi.8a]kyl, -CN, -NO2, Co-salkyl-OH, Co^alkyl-SH, -O-R^ and 
"0-C(=0)R^ an unsubstituted amino group, a mono- or di*sift)stitated amino group, 
wherein the substituted amino groups are independently substituted by at least one 
member selected from the group consisting of H, Ci^alkyl, CVsalkenyl, Q^salkynyl, 
Ca-gcycloalkyl, polyhaloalkyl, C6.8alkyl-C('0)OH and Co-8alkyl-C(«0)O^Ci.8aIkyl, 
15 where R^ is as set forth above; 

q is an integer from 0-3; 
Xis-NR^^-or-42HR^^-; 

R^^ and R^^ are independently a member selected from the group consisting of 
Ci^alkyl, Ca^salkenyl, Ca-galkynyl, Cs-scycloalkyU C^-iacarbocyclic aryl, 
20 Ci.6alkylaiyl, Ci-ealkyl-Cs-BcycloalkyI, "0"R^ -0-C(-0)R^ -C^8alkyl-0-R^^ 
-Ci^alJcylO-C<«0)R^ -Ci^alkyl-0-C(=OPR^**, <:,,salkyl-C(-0)NR%'^ 
"Ci-8alkyl-NR^*^R*^ ^Cl.Balky^lSIR^**C(-0)R^^ and -SR^*', wherein R^*^ is a member 
selected from the group consistmg of Ci^alkyl, Ca-saBcenyl, C^^alkynyl, and 
wherein v4ien two R^^ groups are present they may be taken together to form a 
25 saturated or unsaturated ring with the atom to which they are both attached; 
p is an integer from 0-3; 

E is a member selected from the group consisting of a direct link, -NR"-, 
.(CH2)o-3"C(-0)-NH-CCH2)o.3-, -CH(C02R")(CIfc)o.3-, -CH(CONR^^XCH2W, 
where R^Ms ^ described above, phenylene, a 5 to 12 membered bivalent heteroaryl 
30 group containing 1 to 4 heteroatoms selected from the group consisting of O and S, 
and a five to ten membered non-aromatic heterocyclic ring system containing 1-4 
heteroatoms selected from the group consisting of N, O and S, wherein ^d heteroaryl 
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and said noii'-aromatic heterocyclic ring strocture may be indepcadently substituted by 
from 0 to 5 R*"^ groups; 

R^"^ is a m^ber selected from the group consisting of H, Ci^alkyl, Qj. 
aalkenyl, C2.8alkynyl, Ca^gcycloalkyl, halogen, polyhaloallsyl, C|>-8alkyl-C(-0)0H, 

5 Co^alkyl^CX=0)0-Ci,salkyl, -CN, Co-saMcyl-OH, Co-salkyl-SH, -O^R^ and 
-0-C(=0)R^ an unsubstituted amino group, a mono- or di-substituted amino group, 
wherein the substitated amino groups are independently substituted by at least one 
member selected ftom the group consisting of H, Ci.salkyl, C2-8alkenyl, Q^alkynyl, 
C3-8cycloalkyl, polyhaloalkyl, Co.salkyl-C(=0)OH and Co.8allcyl-C(0)0"CMalfcyU 

10 where R^ is as set forth above; 

J a member selected from the group consisting of a direct link, 
Cs^scycloalkyl, phenylene, naphthalene, a 5 to 12 memb^d bivalent heteroacyl group 
containing 1 to 4 heteroatoms selected from the group consisting of N, O and S, and a 
five to ten membered non-aromatic bivalent heterocyclic ring system containing 1-4 

1 5 heteroatoms selected from the group coMisting of N, O and S wherein said heteroaryl 
and said non-aromatic heterocyclic ring structure may be independently substituted by 
from 0 to 5 R*"* groups where each R^"^ group is as set forth above; 



G is a member selected from the group consisting of: H, -CN, -OR^ , 




.21 




,23 



,22 





►23 



and 



20 wherein 
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t is aa integer from 0 to 6; 
ttis the integer 0 or 1; and 

R^^ R'^ R^, R2^ R^^ R^, R^, R^^ and R^^ are independently selected 
JBromthe group consisting of -OH, Ci^alkyl, C2-8alkenyl, C2.salkynyl» 
5 Cs^cycloalkyl, C6-i2carbocyclic aryl, a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the group consisting of N, O and S, and 
Ci-^alkylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
of such atoms being selected from the group consfeting of N, O and S; where R^* 
taken with R^^ R^^ tak^ with either of R^"^ and R^, and R^ taken with R^, can each 
10 independently form a 5 to 6 membered heterocyclic ring containing from 1 to 4 atoms 
selected from the group consisting of N, O and S; 

with the proviso that when G is -CN, or -OR^^, either E or J mx^t contain at 
least one N atom; 

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and 
15 prodrug derivatives thereof. 

2, A compound acoorditig to claim 1 , wherein: 

A is a member selected from the group consisting of: R^, -NR^R^ 



20 




wherein R^ R^ R"^, R^, R^ R^, R®, and R^ are independently selected from the group 
consisting of H, -OH, Ci-ealkyi, Cs-scycloalkyl, aryl, a five to ten niembered 
heterocyclic ring system containing 1-4 heteroatoms selected from the group 
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consisting of N, O and S, and CMalkylheterocyclic ring system having in flie ring 
system 5 to 10 atoms with 1 to 4 of such atoms being selected fix>m the group 
consisting of N, O and S; where taken with either of and R®> and/or taken 
with R^, can each form a 5 to 6 membered heterocyclic ring containing from 1 to 4 
5 atoms selected from the group consisting of N, O and S; 
m is an integer &om 0-2; 

Z is a member selected from the group consisting of a direct link, Ci-^alkyl, 
C^-scycloaJkyl, Ci^alkenyl, aryl, or a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the gronp consisting of N, O and S; 
10 n is an integer from 0-2; 

D is a member selected from the group consisting of a direct link, -NR^, 

-S-, -SO2-, -S02-NR^ ^NR^-S02, -OCO-, -C(«0)NR^ and -NR^-C(=0) 
R^ is a member selected from the group consisting of H, Ci-ealkyl, halogen, a - 
CX=0)OH group, an unsubstituted amino group, a mono- or di-substituted amino 
1 5 group, -CN, -OH, «0-R^ and -0-C(^0)R^, where R^ is as set forth above; 
q is an integer from 0-2; 
Xis^-NR^^-^or-CHR^^S 

R^^ and R^^ are independently a member selected from the group consisting of 
H, Ci^ealkylj Ca^cycloalkyl, aryl, Ci^alkylaryi, CMalkyl-C3-8cycloalkyl, -0-R^, 
20 -0"C(=0)R^ -C|.6alkyl-0-R^^ ^Ci^alkyl"0--C(=0)R^^ -Cl.6alkyl-0-CeO)OR^^ 
-Ci.6alkyl-C(-0)NR^*^^^ -Cl^lkyl"NR^®R^^ -Ci.6alkyl-NR^^CeO)R^^ -SR*^ , 
where R^ is as set forth above and R^^ is a member selected from the group consistmg 
of H, C|-6alkyl, and wherein when two R^^ gtoxq?^ are present they may be taken 
together to form a saturated or unsaturated ring with the atom to which they are both 
25 attached; 

p is an integer from 0-2; 

B is a member selected from the group consisting of a direct link, -0-, -NR^^ - 
(CH2)o^3-C(-0)-'NHKCHzV3-, "CH(C02R^^)(CH2)o.3-, -CH(CONR^^)(CH2)o^3", where 
R^ ^ is as described above, phenylene, a 5 to 12 membered heteroaryl group containing 
30 1 to 4 heteroatoms selected from (he group consisting of N, O and S, and a five to ten 
membered non-aromatic heterocyclic ring system containing 1-4 heteroatoms selected 
from the group consisting of N, O and S, wherein said heteroaryl and said non- 
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aromatic heterocyclic ring structure may be independently substituted by from 0 to 5 
R^"^ groups; 

each R^"* group is independently a member selected from the group consisting 
of H, Ci^ealkyl, halogen, a -C(=0)OH group, an unsubstituted amino group, a mono- 
5 or di-substituted amino group, -CN, -NO2, -OH, -0-R^ and -0-C(=0)R^, Y/here R^ is 
as set forth above; 

J is a member selected from the group consi^g of a direct link, 
Ca-scyoloaikyl, phenylene, naphthalene, a 5 to 12 memberedheteroaryl group 
containing 1 to 4 heteroatoms selected from the group consisting of O and and a 
10 five to ten membered non-aromatic heterocyclic ring system containing 1-4 

heteroatoms selected from the groi^ consisting of N, O and S wherein said heteroaryl 
and said non-aromatic heterocyclic ring structure may be independently substituted by 
from 0 to 5 'R}^ groups, where R*"* is as set forth above; 

G is a member selected from the group consisting of: H, -CN, -OR*^, 



15 




wherein 

t an integer from 0 to 6; 
u is the integer 0 or 1; and 

R", R^^ R^^ R=^, R^^ R^, R^^ R^, R^^ and R^ are independently selected 
20 from the group consisting of H, -OH, Cugalkyl, Ca^alfcenyl, CMalkynyl, 
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Cj-gcycloalkyl, C6-i2carbocyclic aryl^ a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the group consisting of N» O and S, and 
Ci-e^Ikylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
of such atoms being selected from the group consisting of N, O and S; where R*® 
5 taken with R^^, R^^ taken with either of R^ and R^, and R^^ taken with R^^ can each 
independently form a 5 to 6 membered heterocyclic ring containing from 1 to 4 atoms 
selected from the group consisting of N, O and S; 

with the proviso that when G is H, «CN, or -OR*^ eiflier B or J must contain at 
least one N atom; 

1 0 and all phaimaceutically acceptable isomers, salts, hydrates, solvates and 

prodrug derivative thereof. 

3. A compound according to formula II: 

15 




wherein: 



A is a member selected from the group consisting of: R^, -NR^K^, 




.6 



.6 



UK 





and 
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where R^, R^, R'*, R^ R^, R^, R^, and R^ are independently selected from the group 
consisting of H, -OH, Ci-salkyl, C2.8alkenyl, C2-8aIkyiryl, Ca^gcycloalkyl, 
C6-i2carbocyclic aiyl, a five to ten membejred heterocyclic ring system containing 1-4 

5 heteroatoms selected from the group consisting of N, O and S, and 

Ci-galkylheterocyclic ring system having in liie ring system 5 to 10 atoms with 1 to 4 
of such atoms being selected from the group consisting of N, O and S; where R^ taken 
with either of R^ and R^, and/or R*'^ taken with R^ can each form a 5 to 6 membered 
heterocyclic ring containing from 1 to 4 atoms selected from the group consisting of 

10 N,OandS; 

m is an integer from 0-3; 

Z is a member selected from the groiq) consisting of a direct link, Ci-salkyL, 
Ca^cycloalkyU C2-8alkBnyl, Q^alkynyl, Ci.scarbooyclic aryl, or a five to ten 
membered heterocyclic rimg system containing 1-4 heteroatoms selected from the 
15 group consisting of N, O and S; 

n is an integer from 0-3; 

D is a member selected from the group consisting of: -0-, -NS?, -C(«0)-, -S-, 
^SOz-, -S02-NR^ -NR^-S02, -OCO-, -C(-0)NR^ and -NR^-CX-O) where R^ is as 
set forth above; 

20 R^ is a member selected from the group consisting of Ci-gallsyl, Ca^galkenyl, 

CMalkynyl, Ca-scycloalkyl, halogen, polyhaloalkyU Co^alkyl-C(=0)OH» 
Co-salkyl-C(=0)0-Ci-salkyl, -CN, -N02» Co-salkyl^OH, Co-salkyl-SH, -O-R^ and 
'-0-C(=0)R^, an unsubstituted amino group, a mono* or di-substitated amino group> 
wherein the substituted amino groups are independently substituted by at least one ^ 

25 member selected from the group insisting of H, Ci-«alkyl, Qj-salkenyl, C2^alkynyl, 
C^.gcycloaBcyl, polyhaloalkyl, Co-8alkyl-C(=0)OH and Co^alkyl-C('^0)OCi-8a1kyl, 
where R^ is as set forth above; 
q is an integer from 0-3; 

R^^ is a member selected from the group consisting of C^galkyl, 
30 galkenyl, Qx-salkynyl, Ca^gcycloalkyl, C6^i2oarbocyclic aryl, Ci.6alkylaryl, 
Ci-eallcyl-Cs-scycloalkyl, -O-R^ -0-C(-0)R^ ^Ci,8alkyl-0-R^^ 
^i.8aIkyl-0-C(-0)R^^ -Ci.8aU£yl-0-C(=0)OR^^ ^Cl.8alky^C(-0)KR'^^^ 
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-Ci^galkyl^NR^^^R^^ -C|-8alkyl-NR^^C(=0)R^^ -SR^^ where R^ is as set forth above 
and R^^ is a member selected from the group consisting of H, Ci.galkyl, C2.8alfceiiyl, 
Cz-galkynyU and wherein when two R^^ groups are present they may be taken together 
to form a saturated or unsaturated ring with the atom to which they are both attached; 

5 p is an integer from 0-3 ; 

E is a member selected from the group consisting of a direct link, -NR"-, 
'^(CH2)o-3-CeO)-NH-(CH2V3-, ^CH(C02R'')(CH2)(V3". ^CH(CONR")(CH2W,where 
R^^ is as set forth above, phenylene, a bivalent 5 to 12 membered heteroaryl group 
containing 1 to 4 heteroatoms selected from the group consisting of N, O and S, and a 

1 0 five to ten membered non-aromatic bivalent heterocyclic ring system containing 1-4 
heteroatoms selected from the group consisting of N, O and wherein said heteroaryl 
and said non-aromatic heterocyclic ring structure may be independently substituted by 
from 0 to 5 R^'* groups and each R^"* group is independently defined the same as the 
substituente set forth above for the R^ group; 

15 J is a member selected from the groi^ consisting of a direct link, a bivalent 

Cs-scycloallsyl group, phenylene, naphthalene, a 5 to 12 membered bivalent heteroaryl 
group containing 1 to 4 heteroatoms selected from the group consisting of N, O and S, 
and a five to ten membered non-aromatio bivalent heterocyclic ring system containing 
1-4 heteroatoms selected from the group consisting of N, O and S wherein said 

20 heteroaryl and said non-aromatic heterocyclic ring structure may be independently 
substituted by from 0 to 5 R^"^ groups; 

group is a member selected from the group consisting of Ct-salkyl, Cz. 
salkenyl, Cs-salkynyl, Ca^cycloalkyi, halogen, polyhaloalkyl, Cft.salkyl-C(0)OH, 
CMalkyl-C(-0)0-Ci^alkyl, -CN, -NO2, Co^alkyl-OH, Cowgalkyl-SH, -OR^ and 
. 25 -0-C(=<))R^anunsubstitutedammogroup,a^nono-ordi-substitut^^ 

wherein the substituted amino groups are mdependently substituted by at least one 
member selected from the group consisting of H, Ct^alkyl^ C^alkenyl, Cz-galkynyl, 
Cs-scycloalkyl, polyhaloalkyl, Co^alkyl-C(=0)OH and Co-8alkyl-C(«0)0-Ci^alkyi, 
where R^ is as set forth above; 

30 G is a member selected from the group consisting of; H, -CN, -OR", 
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wherein 

t is an integer from 0 to 6; 
u is the integer 0 or 1; and 
5 R", •B}\ R*^ R^^ R^, R2^ R^, R^ and R^^ are independently selected 

from the group consisting of H, -OH, Ci^alkyU Ca^salkenyl, Cz-saU^ynyl* 
Cs-scycloalkyl, Ce-iacarbocyclic aryl, a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the groi^ consisting of N, O and S, and 
Ci,6aIkylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
1 0 of such atoms being selected from the group consisting of O and S; where R^® 
taken with R^^» R^ taken with eilher of R^ and R^^ and R^"^ taken with R^, can each 
independently form a 5 to 6 membered heterocyclic ring containing from 1 to 4 atoms 
selected from the group consisting of N, O and S; 

with the proviso that when G is H, -CN, or -OR^'', either E or J must contain at 
15 least one N atom; 

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and 
prodrug derivatives thereof* 

4, A conapound according to claim 3, wherein: 
20 m is an integer from 0-2; 
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n is an integer from 0-2; 

D is a member selected from the group consisting of -NR*, -C(-0)-, -S-, 
and -SO2-; 

q is an integer from 0-2; and 
5 p is an integer from 0-2, 

5. A compound according to claim 3 having tlie following structural fommla IV: 




10 

wherein: 

A is a member selected from the group consisting of: -NR^R^ 




1 5 where R^, R^ R^ R^ R^ R^ R^ and R^ are independently selected from the group 
consisting of H, -OH, C^galkyl, C2-88lkenyl, Ci-salkynyl, Ca-scycloallc/l, 
Ce-iacarbocyclic aryl, a five to ten membered heterocyclic ring system containing 1-4 
heteroatoms selected from the group consisting of N, O and S, and 
Ci^aDsylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
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of such atoms being selected from the group consisting of N, O and S; where taken 
with either of and R^ and/or R^ taken with R^ can each form a 5 to 6 membered 
heterocyclic ring containing from 1 to 4 atoms selected from the group consistmg of 
O and S; 

5 Z is a member selected from the group consisting of a direct link, Ci^alkyl, 

Ca^cycloalkyl, C2-^salkenyl, C2.8a1kynyl, C^gcarbocyclic aryl, or a five to ten 
membered heterocyclic ring system containing 1-4 heteroatoms selected from the 
group consisting of N, O and S; 
n is an integer from 0-3; 

10 D is a member selected from the group consisting of: -0-, -NR^, -C(=0)-, -S-, 

^S02>, -S02-NR^ -m?'S02, -OCO^ ^C(-0)NR^ and -NR^-C(=0) where R^' is as 
set forth above; 

R^ is a member selected from the group consistmg of H, Ci-galkyl, Q-galkenyl, 
Ca^alkynyl, Cs^scycloalkyl, halogen, polyhaloalkyi, Co-8aIkyl-C(-0)OH, 
15 Co^alkyl"C(-0)0-Ci.galkyl, -CN, -NO2. Co-gallsyl^OH, Co-salkyl-SH, -O-R^ and 
-0-C(=0)R^, an unsubstituted amino groixp, a mono- or di-substituted amino group, 
wherein the substituted amino groups are independently substituted by at least one 
member selected from the group consisting of H, C^galkyl, Ca-galkenyl, C2.salkynyl, 
Ca^cycloalkyl, polyhaloalkyl, Co,8alkyl^C(K))OH and CMalkyl"C(=0)(>-Ci^alkyl, 
20 where R^ is as set forth above; 

q is an integer from 0-3; 

R'Ms a member selected from the gronrp consisting of H, Gi-salkyl, C2. 
salkenyl, Ca^alkynyl, Ca-gcycloalkyl, C6-i2carbocyclic aryl, Ci^alkylaryl* 
Ci^alkyl-Cs-gcycloalkyl, "0-R^ -O^C(«0)R^ -Ci^alkyl-O-R^^ 

25 -Ci,8aIkyl"0"C(-0)R'^ -Ci.8alkyl-0-C(-0)0R*^ -Ci.»alkyl-C(-0)NR'^R'^ 

-Ci-galkyl-NR^^^^ "Cj^alkyWSfR^^C(=0)R^^ -SR^^ where R^ is as set forth above 
and R^^ is a member selected from the group consisting of H, Ci-galkyl, Qz-galkenyl, 
C2.8alkynyl, and wherein when two R*^ groups are present they may be taken together 
to form a saturated or unsaturated ring with flie atom to which they are both attached; 

W is a meniber selected from the grontp consisting of Ci-salkyl, C2, 

galfcenyl, C2-8alkynyl, Ca-scycloalkyl, halogen, polyhaloalkyl, Co-8aIlcyl-C{^0)OH, 
Co^alkyl-C(=0)0"Ci.8alkyl, -CN, -NO2, Co-salkyl-OH, Co^salkyl-SH, -O^R^ and 
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-0-C(=0)R^, an misubstituted ammo group, a mono- or di-substituted amino group, 
wherein the substituted amino groups are independently substituted by at least one 
member selected from the group consisting of H, Ci-galkyl, Cz^eXkmyl^ C2-.8aIkynyl, 
Ca^gcycloalkyl, polyhaloalkyl, Co-8alkyl-C(=0)OH and Co-8aIkyl-C(«0)0-Ci.8aDcyl, 
5 where is as set forth above; 

G is a member selected from the group consisting of: H, -<3N, -OR^', 

O NR2° 




NH 



2 « 



^22 



^26 ^NR^^R^^ 



pj22 



wherein 

t is an integer from 0 to 6; 

10 u is the integer 0 or I; and 

R^^ R^^ R^^ R=^^ B}\ R^, R^, R^, R^^ and R=^^ are independently selected 
from the group consisting of H, -OH, Ci^galkyl, C2^alkenyl> C2-«alkynyl» 
Ca^gcycloalkyl, Ce-ucarbocycUc aiyl, a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the group consisting of N, O and S, and 

1 5 Ci-6allsylheterocyclic ring system having in the ring system S to 10 atoms with 1 to 4 
of such atoms being selected from the group consisting of N, O and S; where R^® 
taken with R^^ R^ 1aken with either of R^"* and R^^, and R^ taken with R^^ can each 
independently form a 5 to 6 membered heterocyclic ring containing from 1 to 4 atoms 
selected from the group consisting of O and S; 

20 with the proviso that when G is H, -CN, or -OR^^, either B or J must contain at 
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least one N atom; 

and all phamiaceutically acceptable isomers, salts> hydrates, solvates and 
prodrug derivatives ther^f. 

5 6. A compoTUEid according claim 5^ wherein: 

R\ R^, R^^ and R*"^ groups are independently selwted ftom the group 
consisting of hydrogen, methyl and ethyL 

7. A compound according to 5» wherein: 

10 A is a member selected ftom the groi^ consisting of: 

NH NH NH /^N 

HsC-Jt- |>-li~ HaN-L. ^|v|JI_ 

CH3» ^ H- ^ NH2- /CH3-)2NCO- ^ 

f^Jl — and 028^ ^N-^ — ; 
Z is a member selected from the group consisting of: 

-o.-o-.b-.-o-. 




15 n is an integer from 0-2; 

D is a member selected from the group consisting of: -N(CH3>j and - 

q is 0; and 
Gis 



NH 



20 
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8. A compoimd according to claim 5 liaving the following structaral fonimla: 




9. A compound according to formula HI: 

5 




O 



wherein: 

is selected from the group consisting of H, -OH, Ci.galkylj C2-8aU!:enyl, C2-. 

1 0 aallcynyl, Ca-gcycloalkyl, C6-i2carbocyclic aryl, a five to ten membered heterocyclic 
ring system containing 1-4 heteroatoms selected from the group consisting of O 
and and Ci-6£tlkylheterocyclic ring system having in the ring system 5 to 10 atoms 
with 1 to 4 of such atoms being selected from the group consisting of O and S; 

is a member selected from the group consisting of Ci-galkyl, Ca-s^^lkenylj 

15 C2-8aikynyl, Cs-BcycloaUsyl, halogen, polyhaloalkyl, Co-8alkyl-C(^0)OH, 

Co-salkyi~C(-0)0-.Ci.8alkyl -CN, -NO2, Co-salkyl-OH, Co^salkyl-SH, -O-R^ and 
-0"C(=O)R^, an unsubstituted amino group, a mono- or di-substituted amino group, 
wherein the substituted amino groups are independently substituted by at least one 
member selected from the group consisting of H, Ci-salkyl, C2-salkenyI, C2-gaIkynyl, 

20 Cs^scycloalkyl, polyhaloalkyl, Co-8alkyi"C(-0)OH and Co.8alkyl-C(=0)O^Ci.salkyl; 
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q is an integer from 0-3; 

R^Ms a member selected from the group consisting of H, Ci-salkyl, C2- 
galkenyl, Ca-salkynyl, Cs-gcycloalkyl, Ce-iacarbocyclic aryl, Ci^^alkylaryl, 
Ci.6aIkyl-C3-8CycloalkyU -0-R^ -0-C(-0)R^ -Cl.8alkyl-0-R^^ 
5 -Ci.salkyl-0-C{-0)R'^ -Ci.8alky^0-C(-0)0R^^ "Ci.8alkyl-C(-0)NR^^R^^ 
-Ci.salkyl-NR^*^R^^ -Ci.8alkyl-NR'**CeO)R^^ ^SR^^ wherein R^*' is a member 
selected from the group consisting of H» Ci-galkyl, C2.salkenyU C2-8alkyayU and 
wherein when two R^** groups are pr^ent they may be taken together to form a 
saturated or unsaturated ring with the atom to which they are both attached; 

10 p is an integer from 0-3; 

E is a member selected from the group consisting of a direct link, -O*, -NR*^-, 
"(CH2)o.3-C(«0)^NH'(CH2)o.3-, -CH(C02ll^^)(CH2)o.3-, -CH(CONR")(CH2)o.3-, 
where R^^ is as described above» phenylene, a bivalent 5 to 12 membered heteroaryl 
group containing 1 to 4 heteroatoms selected from the group consisting of O and S, 

1 5 and a five to ten membered non-aromatic bivalent heterocyclic ring system containing 
1-4 heteroatoms selected from the group consisting of K, O and wherein said 
heteroaryl and said non-aromatic heterocyclic ring structure may be independently 
substituted by &om 0 to 5 R^"* groups and each R^'* group is independently defined the 
same as the substituents set forth above for the R* group; 

20 J is a member selected fi^m the group consisting of a direct link, a bivalent 

C3-scycloalkyl groi^> phenylene, naphthalene, a 5 to 12 membered bivalent heteroaryl 
group containing 1 to 4 heteroatoms selected from the group consisting of N, O and S, 
and a five to ten membered non-aromatic bivalent heterocyclic ring system containing 
1-4 heteroatoms selected from the group consisting of N, O and S wherein said 

25 heteroaryl and said non-aromatic heterocyclic ring structure may be independently 
substituted by from 0 to 5 R^"^ groups and each R^"^ group is independently defined the 
same as the substituents set forflh above for the R^ group; 

G is a member selected &om the group consisting of: -CN, -OR^^, 
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R22 

wherein: 

t is an integer firom 0 to 6; 
u is the integer 0 or !; and 
5 R^^, R^^ R^^ R^, R^, R^ and R^ are independently selected 

from the group consisting of H, -OH, C^galkyl, Cs-galkenyl, C2.8all£ynyl, 
Cs-scycloalkyl, Ce-ucarbocyclic aiyl, a five to ten membered heterocyclic ring system 
containing 1-4 heteroatoms selected from the group consistiog of N, O and and 
Ci^ealkylheterocyclic ring system having in the ring system 5 to 10 atoms with 1 to 4 
1 0 of such atoms being selected from the groxip consisting of N, O and S; where R^* 
taken with R*^ R^^ taken with either of R^"* and R^, and R^ taken with R^^ can each 
independently form a 5 to 6 membered heterocyclic ring containing from 1 to 4 atoms 
selected from the group consisting of N, O and S; 

with the proviso that when G is H, -CN, or -OR^^, either E or J mmt contain at 
15 least one N atom; 

and all pharmaceuticaily acceptable isomers, salts, hydrates, solvates and 
prodrug derivatives thereof 



10. A compound according to claim 9, wherein: 
20 R^ and R* are each independently a lower aUcyl group; and 
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R^^ is hydrogen or a CrCg alkyl group. 



11. A cbmpoimd accordiiig to claim 9, wherein: 

and R^* are each indej^ndently hydrogen or a CrQ alkyl groiip; 
6 is a methyl group; 

p is an integer from 1-2; 
* B is a mend^er selected from the group comisting of: * 



direct link ^ 





15 12, A compound of claim 1 having the following structural formula: 
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13. A pharmaceutical composition for preventing or treating a conditioii in a 
1 0 maininal characterized by undesired thrombosis comprismg a phannaceutically 

acceptable carrier and a therapeutically effective amount of a compound of one of the 
clain^ 1-12* 
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14. A method for preventing or treating a condition in a mamma} chaiacterized by 
imdesired tiirombosis comprising administering to said mammal a therapeutically 
effective amount of a compound of one of the claims 1-12. 

5 

15* The method of claim 14, wherein the condition is selected from the group 
consisting of: . 

acute coronary syndrome, myocardial infarction, unstable angina^ refractory 
angina, occlusive coronary thrombus occurring post-thrombolytic therapy or post- 

1 0 coronary angioplasty, a fhrombotically mediated cerebrovascular syndrome, embolic 
stroke, thrombotic stroke, transient ischemic attacks, venous thrombosis^ deep venous 
thrombosis, pulmonary embolus, coagulopathy, disseminated intravascular 
coagulation, thrombotic thrombocytopenic purpura, thromboangiitis obliterans, 
thrombotic dkease associated with heparin-induced thrombocytopenia, thrombotic 

1 5 complications associated with extracorporeal circulation, thrombotic complications 
associated mih instrumentation snch as cardiac or other intravascular catheterization, 
intra-aortic balloon pump, coronary stent or cardiac valve, and conditions requiring 
the fitting of prosthetic devices, 

20 16. A method for inhibiting the coagulation of a biological sample comprising Ihe 
administration of a compound of one of the claims 1-12. 
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